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PREFACE
The Occupational Safety and Health Act of 1970 emphasizes the need 
for standards to protect the health and safety of workers exposed to an 
ever-increasing number of potential hazards at their workplace. The 
National Institute for Occupational Safety and Health has projected a 
formal system of research, with priorities determined on the basis of 
specified indices, to provide relevant data from which valid criteria for 
effective standards can be derived. Recommended standards for occupational 
exposure, which are the result of this work, are based on the health 
effects of exposure. The Secretary of Labor will weigh these 
recommendations along with other considerations such as feasibility and 
means of implementation in developing regulatory standards.
It is intended to present successive reports as research and 
epidemiologic studies are completed and as sampling and analytical methods 
are developed. Criteria and standards will be reviewed periodically to 
ensure continuing protection of the worker.
I am pleased to acknowledge the contributions to this report on 
carbon disulfide by members of the NIOSH staff and the valuable, 
constructive comments by the Review Consultants on Carbon Disulfide, by the 
ad hoc committees of the American Academy of Industrial Hygiene and the 
American Occupational Medical Association, and by Robert B. O'Connor, M.D.,
ill
NIOSH consultant In occupational medicine. The NIOSH recommendations for 
standards are not necessarily a consensus of all the consultants and 
professional societies that reviewed this criteria document on carbon 
disulfide. A list of Review Consultants appears on pages vl and vii.
Vjohn F. Finklea, M.D.
Director, National Institute for 
Occupational Safety and Health
The Division of Criteria Documentation and Standards Development, 
National Institute for Occupational Safety and Health, had primary 
responsibility for development of the criteria and recommended standard for 
carbon disulfide. The Division review staff for this document consisted of 
J. Henry Wills, Ph.D., Chairman, Howard C. McMartin, M.D., Douglas L. 
Smith, Ph.D., and Paul E. Caplan, with Kenneth J. Kronoveter (Division of 
Surveillance, Health Evaluations, and Field Studies), Charles S. McCammon, 
Jr. (Division of Physical Sciences and Engineering), and Howard C. 
Spencer, Ph.D. (consultant). Stanford Research Institute (SRI) developed 
the basic information for consideration by NIOSH staff and consultants 
under contract No. CDC-99-74-31. Herbert L. Venable served as criteria 
manager.
The views expressed and conclusions reached in this document, 
together with the recommendations for a standard, are those of NIOSH, after 
review of the evidence and consideration of the comments of reviewers; 
these views and conclusions are not necessarily those of the consultants, 
other federal agencies, professional societies, or of the contractor.
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I. RECOMMENDATIONS FOR A CARBON DISULFIDE STANDARD
The National Institute for Occupational Safety and Health (NIOSH)
recommends that worker exposure to carbon disulfide in the workplace be
controlled by adherence to the following sections. The standards are
designed to protect the health and provide for the safety of workers for up
to a 10-hour work shift, 40-hour workweek, over a working lifetime. 
Compliance with all sections of the standard should prevent adverse effects 
of carbon disulfide on the health and safety of workers. Because of 
possible synergism or additiveness of toxic effects, the concentration of 
hydrogen sulfide shall be minimized when carbon disulfide and hydrogen 
sulfide coexist. Techniques recommended in the standard are valid,
reproducible, and available to Industry and government agencies. The 
criteria and standard will be subject to review and revision as necessary.
Neurologic, behavioral, psychologic, cardiovascular, reproductive, 
and other abnormalities have been found in workers exposed to carbon 
disulfide. However, several issues complicate the development of a 
standard for occupational exposure to carbon disulfide. All human exposure 
information used in this document Is based on worker experience in the 
viscose rayon industry, in which there Is exposure to both carbon disulfide 
and hydrogen sulfide. Exposure to carbon disulfide is generally minimal 
during the workday but may occasionally reach high concentrations for short 
periods of time. Neither the possible synergism of hydrogen sulfide and 
carbon disulfide nor the effects of the peak exposures have been adequately
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studied. Another major issue in this document is the reports of adverse 
effects on reproductive function. These studies, however, did not report 
sampling or analytical methods or provide adequate detail on occupational 
exposure concentrations.
The term "carbon disulfide," in this document, refers to dither 
vaporized or liquid carbon disulfide. Synonyms for carbon disulfide 
include carbon bisulfide, carbon sulfide, and dithiocarbonic anhydride. 
"Occupational exposure to carbon disulfide" is defined as exposure to 
airborne carbon disulfide at or above half the recommended time-weighted 
average (TWA) concentration limit or contact of skin or eyes with liquid 
carbon disulfide. Where there is no occupational exposure to carbon 
disulfide, adherence is required to Sections 3, 4(a), 4(b), 5, 6, 7, and 8 
only.
Section 1 - Environmental (Workplace Air)
(a) Concentration
Employee exposure to carbon disulfide shall be controlled so that no 
worker is exposed to carbon disulfide at a concentration greater than 3 
milligrams of carbon disulfide per cubic meter of air (1 part per million 
parts of air by volume) determined as a TWA concentration for up to a 10- 
hour work shift in a 40-hour workweek, or to more than 30 mg carbon 
disulfide/cu m of air (10 ppm) as a celling concentration for any 15 minute 
period.
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(b) Sampling and Analysis
Procedures for sampling and analysis of workplace air shall be as 
provided in Appendices I and II, or by any methods shown to be at least 
equivalent to the methods specified in precision, accuracy, and
sensitivity.
Section 2 - Medical
Medical surveillance shall be made available as outlined below to all 
workers subject to occupational exposure to carbon disulfide.
(a) Preplacement examinations shall include:
(1) Comprehensive medical and work histories with special
emphasis directed toward the cardiovascular, reproductive, and nervous 
systems and medicine being taken.
(2) Physical examination giving particular attention to
neurologic function and cardiovascular evaluation including an
electrocardiogram (GCG).
(3) A judgment of the worker's ability to use positive and 
negative pressure respirators.
(b) Periodic examinations shall be made available on at least an 
annual basis. These examinations shall include:
(1) Interim medical and work histories.
(2) Physical examination as outlined in (a)(2) above, with 
attention especially to behavioral and psychologic changes.
(c) The iodine-azide urine test may be administered periodically 
to a sample of workers with occupational exposure to carbon disulfide. The
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frequency of thé iodine-azlde urinalyses may vary, according to the 
judgment of the physician and the Industrial hyglenlst. Each exposed 
worker should have the opportunity to receive a urinalysis at least yearly. 
Procedures for this biologic monitoring are described in Appendix III. 
Workers whose postshlft specimens yield an exposure coefficient (E) below 
6.5 should receive an appropriate medical examination, a review of his or 
her work habits, and should be reassigned to a nonexposed area of the plant 
until the iodine-azlde test results are negative (E>6.5) or the responsible 
physician authorizes him to do so.
(d) During examinations, applicants or employees with medical 
conditions which would be directly or indirectly aggravated by exposure to 
carbon disulfide shall be counseled on the Increased risk of impairment of 
their health from working with this substance and on the value of periodic 
examinations. The employee shall be advised of potential undesirable 
effects of exposure to carbon disulfide on reproduction, such as spermatic 
deficiencies, menstrual disorders, and spontaneous abortions.
(e) Initial medical examinations shall be made available to all 
workers within six months after the promulgation of a standard based on 
these recommendations.
(f) If an emergency Involving carbon disulfide arises, a qualified 
medical attendant designated by the employer shall examine all exposed 
employees. In case of eye contact with carbon disulfide, the eyes shall be 
flushed immediately with large amounts of water for 15 minutes. Copious 
amounts of water and a mild soap shall be used to cleanse skin which has 
come in contact with carbon disulfide. Emergency medical procedures shall 
be posted where carbon disulfide is used, and employees shall be trained in
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these procedures. In case of severe overexposure, the worker should be 
removed to an area with fresh air, respiration should be maintained, and a 
physician should be summoned Immediately.
(g) Pertinent medical records shall be maintained for all 
employees Involved In manufacturing, processing, or handling carbon 
disulfide or who are or In any other way exposed to carbon disulfide In the
workplace. Such records shall be kept for at least 30 years after
termination of employment. These records shall be made available to the
designated medical representative of the Secretary of Health, Education, 
and Welfare, of the Secretary of Labor, of the employer, and of the 
employee or former employee.
Section 3 - Labeling and Posting
All containers of carbon disulfide shall be labeled, and all areas 
where carbon disulfide is stored, handled, used, or produced shall be 
posted in accordance with the following subsections.
All warning signs and labels shall be printed in English and in the 
predominant language of non-English-reading workers. The employer shall
ensure that employees unable to read the warning labels and signs are 
informed of the hazards of working with carbon disulfide, of the hazardous 
work areas, and of the self-help and first-aid procedures to be employed in 
case of intoxication by the vapor of carbon disulfide or contact of skin 
and eyes with liquid carbon disulfide.
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(a) Containers of carbon disulfide shall bear the following label 
in addition td, or in combination with, labels required by other statutes, 
regulations, or ordinances:
CARBON DISULFIDE
EXTREMELY FLAMMABLE AND HAZARDOUS TO HEALTH 
KEEP AWAY FROM FIRE, SPARKS, OR HEATED SURFACES
Do not breathe vapor.
Avoid contact with skin and eyes.
Use only with adequate spark-proof ventilation.
First Aid: Remove patient to fresh air. Administer artifical 
respiration if breathing has stopped. Keep patient warm;
consult a physician. In case of skin or eye contact, flush 
with copious amounts of water.
(b) The following warning sign shall be posted in a readily 
visible location at or near entrances to areas where carbon disulfide is 
stored, handled, used, or produced:
CARBON DISULFIDE 
WARNING-HAZARDOUS AREA 
EXTREMELY FLAMMABLE AND HAZARDOUS TO HEALTH 
Do not breathe vapor.
Keép flames, sparks, and bare light bulbs away.
Use only with adequate spark-proof ventilation.
First Aid: Remove patient to fresh air. Administer artificial 
respiration if breathing has stopped. Keep patient warm;
consult a physician. In case of skin or eye contact, flush 
with copious amounts of water.
6
Employers shall use engineering controls and safe work practices to 
keep exposure to carbon disulfide below the prescribed limits. When 
necessary, these shall be supplemented by the use of personal protective 
equipment and clothing. Requirements for personal protective equipment 
shall be as provided in 29 CFR 1910, Subpart I. Emergency equipment shall 
be readily available to the work area and shall be adequate to permit all 
employees to escape safely from the area. Protective equipment suitable 
for emergency entry shall be located at clearly identified stations outside 
the area of possible occupational exposure.
(a) Skin Protection
Employers shall provide protective clothing and shall ensure that 
employees use appropriate skin protection when contact with liquid carbon 
disulfide is possible. Synthetic rubber gloves shall be provided, and 
employees should be cautioned not to allow their gloved hands to remain 
immersed in carbon disulfide for extended periods. Other glove materials 
of comparable effectiveness may also be used.
(b) Eye Protection
Face shields (8-inch minimum) with goggles shall be worn by employees 
working with liquid carbon disulfide wherever splashes are likely to occur.
(c) Respiratory Protection
(1) Respiratory protective equipment shall be used to 
protect employees from air concentrations of carbon disulfide which may 
exceed the recommended environmental limit in the following circumstances
only:
Section 4 - Personal Protective Clothing and Equipment
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(A) During the time necessary to Install and test 
the controls required In Section 6(b) of this chapter.
(B) For nonroutine operations, such as maintenance 
or repair activities, causing exposure in excess of the TWA concentration 
limit.
(C) In emergencies when air concentrations of carbon 
disulfide may exceed the TWA exposure limit.
(D) Respirators specified for use in higher 
concentrations of carbon disulfide may be used in atmospheres of lower 
concentrations.
(2) When a respirator is permitted by paragraph (1) of this 
subsection, It shall be selected in accordance with the specifications in 
Tables 1-1 and 1-2 and shall comply with the standards jointly approved by 
NIOSH and the Mining Enforcement and Safety Administration (MESA) as 
specified in 30 CFR 11. Employers shall establish and enforce a 
respiratory protection program meeting the requirements of 29 CFR 1910.134, 
as amended, and shall ensure that employees use required respiratory 
protective equipment.
(3) Employers shall ensure that respirators are properly 
cleaned and maintained and that employees are trained and drilled in the 
location and use of respirators assigned to them and in testing for leaks.
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TABLE 1-1
RESPIRATOR SELECTION GUIDE FOR CARBON DISULFIDE
Concentration Respirator Type Approved 
Under Provisions of 30 CFR 11
Less than or 
equal to 
30 mg/cu m
Less than or 
equal to 
150 mg/cu m
Less than or 
equal to 
3,000 mg/cu m
(1) Chemical cartridge respirator with half­
mask facepiece and organic vapor cartridge
(2) Supplied-air respirator operated in 
demand (negative pressure) mode with half­
mask facepiece
(1) Gas mask with chin-style or front- or 
back-mounted organic vapor canister with full 
facepiece
(2) Supplied-air respirator In demand (nega­
tive pressure) mode with full facepiece
(3) Self-contained breathing apparatus oper­
ated in demand (negative pressure) mode with 
full facepiece
(1) Supplied-air respirator with full face- 
piece operated in pressure demand or other 
positive pressure mode
(2) Supplied-air hood, helmet, or suit oper­
ated In continuous-flow mode
Greater than
3,000 mg/cu m
Emergency (entry into 




(1) Self-contained breathing apparatus with 
full facepiece operated in pressure-demand 
or other positive pressure mode
(2) Combination Type C supplied-air respira­
tor with full facepiece operated in pressure- 
demand mode and auxiliary self-contained air 
supply
(1) Self-contained breathing apparatus with 
full facepiece operated in pressure-demand 
or other positive pressure mode
(2) Combination Type C supplied-air respira­
tor with full facepiece operated in pressure- 




RESPIRATOR SELECTION GUIDE FOR CARBON DISULFIDE PLUS HYDROGEN SULFIDE
Concentration Respirator Type Approved 






or equal to 
35 mg/cu m
Less than 
or equal to 
150 mg/cu m
(1) Gas mask with combination chin-style or 
front- or back-mounted canister for both 
organic vapor and acid gas, equipped with 
full facepiece
(2) Supplled-air respirator with full face­
piece operated in demand (negative pressure) 
mode
(3) Self-contained breathing apparatus oper­
ated in demand (negative pressure) mode with 
full facepiece
Less than 
or equal to 
280 mg/cu m
Less than 
or equal to 
3,000 mg/cu m
(1) Supplled-air respirator with full face­
piece operated in continuous-flow, pressure- 
demand, or other positive pressure mode
(2) Supplied-air hood, helmet, or suit oper­







(1) Self-contained breathing apparatus with 
full facepiece operated in pressure-demand or 
other positive pressure mode
(2) Combination Type C supplled-air respira­
tor with full facepiece operated in pressure- 
demand mode and auxiliary self-contained air 
supply
Emergency (entry into 




(1) Self-contained breathing apparatus with 
full facepiece operated in pressure-demand 
or other positive pressure mode
(2) Combination Type C supplied-air respira­
tor with full facepiece operated in pressure- 
demand mode and auxiliary self-contained
air supply
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Employees who will work in areas required to be posted in accordance 
with Section 3 shall be informed of the hazards from carbon disulfide 
exposure, symptoms of overexposure, emergency and first-aid procedures, and 
precautions to ensure safe use and to minimize exposure. Employers shall 
post this information in the workplace and shall keep it on file, readily 
accessible to employees.
Employers shall institute a continuing education program, conducted 
at least annually by persons qualified by experience or training, for 
employees whose jobs may involve exposure to carbon disulfide. This is to 
ensure that all such employees have current knowledge of job hazards, 
maintenance procedures, and cleanup methods, and that they know how to use 
respiratory protective equipment and protective clothing. The 
instructional program shall include a description of medical surveillance 
procedures and of the advantages to the employee of undergoing these 
examinations. As a minimum, Instruction shall Include the information 
described in Appendix IV. Employees engaged in maintenance and repair 
shall be Included in training programs. Employees of the viscose rayon 
industry should be informed of the possibility that exposure to both 
hydrogen sulfide and carbon disulfide may be more hazardous than exposure 
to either compound alone.
Required Information shall be recorded as specified in Appendix IV, 
on a "Material Safety Data Sheet," or a similar form approved by the 
Occupational Safety and Health Administration, US Department of Labor, and 
shall be kept on file, readily accessible to employees.
Section 5 - Informing Employees of Hazards from Carbon Disulfide
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(a) Emergency Procedures
For all work areas where there is a potential for emergencies 
involving carbon disulfide, employers shall take all necessary steps to 
ensure that employees are instructed in and follow the procedures specified 
below and any others appropriate for the specific operation or process.
(1) Instructions shall include designation of medical
receiving facilities and prearranged plans for Immediate evacuation of 
employees exposed to potentially life-threatening concentrations of carbon 
disulfide; for any necessary calls for assistance, Including alerting
medical facilities to the impending arrival of overexposed employees and 
calls to suppliers or manufacturers of carbon disulfide for any necessary 
technical advice; and for reentry for repairs or cleanup of areas where 
carbon disulfide leaks or spills have occurred.
(2) Telephone numbers for emergency assistance shall be
prominently posted.
(3) Employees not essential to emergency operations shall
be evacuated from hazardous areas during emergencies. Perimeters of these 
areas shall be delineated, posted, and secured.
(4) Only personnel adequately protected against the
attendant hazards shall shut off sources of carbon disulfide, clean up
spills, and control and repair leaks.
(5) Approved eye, skin, and respiratory protection as
specified in Section 4 shall be used by personnel essential to emergency
operations.
Section 6 - Work Practices
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(6) In case of fire, carbon disulfide containers should be 
removed to a safe place, if possible, or cooled with water if leaks do not 
exist.
(7) Carbon disulfide in contact with skin or eyes shall be 
removed by immediate flushing with copious quantities of water for 15 
minutes, and immediate medical attention shall be obtained. Clothing 
contaminated with carbon disulfide shall be removed promptly and replaced 
with clean clothing.
(8) Employees incapacitated by carbon disulfide shall be 
removed to an uncontaminated atmosphere and given artificial respiration, 
following the back-pressure method of removing toxic gases from the victim. 
Victims shall be kept quiet and warm and given Immediate medical attention.
(b) Control of Airborne Carbon Disulfide
Engineering controls shall be used when needed to keep carbon 
disulfide concentrations below the recommended limits. Local exhaust 
ventilation may also be effective, used alone or in combination with 
process enclosure. Spark-proof ventilation systems shall be designed to 
prevent recirculation of air in the workroom, to keep concentrations of 
carbon disulfide below the recommended occupational exposure limit, and to 
remove carbon disulfide from the breathing zones of workers. Ventilation 
systems shall be subject to regular preventive maintenance and cleaning to 
ensure effectiveness, which shall be verified by periodic airflow 




Drums of liquid carbon disulfide shall not be stored in direct
sunlight or near a source of heat. The storage area should be fire
resistant, cool, and either open or well ventilated at floor level. The 
storage area shall be equipped with an adequate supply, of portable fire 
extinguishers and automatic sprinklers. Bulk tanks of carbon disulfide
placed aboveground should be surrounded by dikes. Such tanks may also be
burled or immersed in pits under a blanket of water.
(d) Waste Disposal
(1) Disposal of carbon disulfide shall conform to all 
applicable local, state, and federal regulations.
(2) Carbon disulfide shall not be allowed to enter drains
or sewers.
(e) Confined Spaces
(1) Entry into confined spaces such as tanks, pits, tank 
cars, barges, process vessels, and tunnels shall be controlled by a permit 
system or other program offering equal protection. Precautions shall be 
taken to ensure that procedures prescribed below are followed.
(2) Confined spaces which have contained carbon disulfide
shall be inspected by employees wearing proper respiratory protective
equipment in accordance with Table 1-1 or 1-2. These areas shall be tested 
for oxygen deficiency, carbon disulfide, and other contaminants and shall 
be thoroughly ventilated, cleaned, neutralized, and washed, as necessary, 
prior to entry of employees without respiratory protection.
(3) Confined spaces shall be ventilated while employees are 
within them to keep the concentration of carbon disulfide below the
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(4) When a person enters a confined space, another properly 
protected worker shall be on standby outside.
(f) Maintenance
Periodic maintenance shall be required on all equipment and machinery 
in areas of potential carbon disulfide exposure. Firefighting equipment 
and other emergency equipment shall be maintained in good working order, as 
prescribed by local, state, or federal regulations.
Section 7 - Sanitation
(a) Eating and food preparation or dispensing (including vending 
machines) shall be prohibited in carbon disulfide work areas.
(b) Smoking shall not be permitted in areas where carbon disulfide 
is used, transferred, stored, manufactured, or released as a result of 
chemical processes.
(c) Employees who handle carbon disulfide or equipment 
contaminated with carbon disulfide shall be instructed to wash their hands 
thoroughly with soap or mild detergent and water before eating, smoking, or 
using toilet facilities.
(d) Waste material contaminated with carbon disulfide shall be 
disposed of in a manner not hazardous to employees. The disposal method 
must conform to applicable local, state, and federal regulations and must 
not constitute a hazard to the surrounding population or environment.
(e) Plant sanitation shall meet the requirements of 29 CFR 
1910.141.
recommended environmental limit and to prevent oxygen deficiency.
15
Within 6 months of the promulgation of a standard based on these 
recommendations, employers shall determine by an industrial hygiene survey 
at each location where carbon disulfide is released into workplace air 
whether employee exposures to the compound may be above one-half the 
recommended TWA concentration limit. Employers shall keep records of these 
surveys. If an employer concludes that air concentrations are at or below 
one-half the recommended limit, the records must show the basis for this 
conclusion. Surveys shall be repeated at least annually and within 30 days 
after any process change likely to result in increased airborne carbon 
disulfide concentrations. In those years with no scheduled surveys, 
employers shall conduct semiannual sampling (area and personal monitoring) 
to determine employee exposure. If it has been determined that the 
environmental concentration of carbon disulfide might exceed one-half the 
recommended occupational exposure limit, ie, 0.5 ppm as a TWA 
concentration, then the employer shall fulfill the following requirements:
(a) Personal Monitoring
(1) A program of personal monitoring shall be instituted to 
determine the exposure of each employee occupationally exposed to carbon 
disulfide. Source and area monitoring may be used to supplement personal 
monitoring.
(2) In all personal monitoring, samples representative of 
the exposure in the breathing zone of the employee shall be collected. 
Procedures for sampling, calibration of equipment, and analysis of carbon 
disulfide samples shall be as provided In Section 1(b).
Section 8 - Monitoring and Recordkeeping Requirements
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(3) For each determination of the TWA concentration of 
carbon disulfide, a sufficient number of samples shall be taken to 
characterize the employee's exposure. Variations in the employee's work 
schedule, location, and duties and changes in production schedules shall be 
considered when samples are collected.
(4) If an employee is found to be exposed to a
concentration of carbon disulfide above one-half the recommended TWA 
occupational exposure limit, the exposure of that employee shall be 
monitored at least once every 3 months. If an employee is found to be 
exposed at or above the recommended TWA concentration limit, the exposure 
of that employee shall be measured at least once every week, control 
measures shall be initiated, and the employee shall be notified of the 
exposure and of the control measures being Implemented. Such monitoring 
shall continue until two consecutive determinations, at least 1 week apart, 
indicate that the employee's exposure no longer exceeds the recommended 
occupational exposure limit; quarterly or less frequent monitoring may then 
be resumed in accordance with the paragraphs above.
(b) Recordkeeping
Records of environmental monitoring shall be maintained for at least 
30 years after the termination of employment. These records shall include 
the name of the employee being monitored, duties and job locations within 
the worksite, dates of measurements, sampling and analytical methods used, 
evidence of their accuracy, duration of sampling, number of samples taken, 
results of analysis of TWA concentration determinations based on these 
samples, and personal protective equipment in use by the employee. Records 
for each employee, Indicating date of employment with the company and
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changes in job assignment, shall be kept for the same 30-year duration. 
The employer shall make these records available on request to authorized 
representatives of the Assistant Secretary of Labor for Occupational Safety 
and Health and of the Director of the National Institute for Occupational 
Safety and Health. Employees, former employees, or their authorized 
representatives shall have access to information on the occupational 
exposures of the employee or former employee. The employee or the 
employee's representative shall be given the opportunity to observe any 
measurement conducted In accordance with this section. Any observer shall 
have the right to receive an explanation of the procedures used, the 




This report presents the criteria and the recommended standard based 
thereon which were prepared to meet the need for preventing occupational 
diseases or injuries arising from exposure to carbon disulfide. The 
criteria document fulfills the responsibility of the Secretary of Health, 
Education, and Welfare, under Section 20(a)(3) of the Occupational Safety 
and Health Act of 1970 to "...develop criteria dealing with toxic materials 
and harmful physical agents and substances which will describe...exposure 
levels at which no employee will suffer Impaired health or functional 
capacities or diminished life expectancy as a result of his work 
experience."
The National Institute for Occupational Safety and Health (NIOSH), 
after a review of data and consultation with others, formalized a system 
for the development of criteria upon which standards can be established to 
protect the health and to provide for the safety of workers exposed to 
hazardous chemical and physical agents. Criteria for an environmental 
standard should enable management and labor to develop better engineering 
controls and more healthful work practices and should not be used as a 
final goal.
These criteria for a standard for carbon disulfide are part of a 
continuing series of criteria developed by NIOSH. The proposed standard 
applies only to workplace exposure to carbon disulfide resulting from Its 
processing, manufacture, storage, handling or use as applicable under the 
Occupational Safety and Health Act of 1970. This standard was not 
developed for the population-at-large, and any extrapolation beyond
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occupational exposures is not warranted. It is intended to (1) protect 
against the fire hazards posed by carbon disulfide, (2) protect against 
the development of toxic effects of carbon disulfide exposure, (3) be 
measurable by techniques that are valid, reproducible, and available to 
industry and government agencies, and (4) be attainable with existing 
technology.
Neurologic, behavioral, psychologic, cardiovascular, and reproductive 
abnormalities have been found in workers in the viscose rayon industry. 
Studies of chronic human exposure to carbon disulfide have reported the 
concurrent presence of hydrogen sulfide, but possible toxic synergism has 
not been thoroughly Investigated.
The development of the recommended standard for occupational exposure 
to carbon disulfide has revealed the need for additional data in several 
areas. The following research is needed: (1) studies designed to
Investigate possible synergism of toxic effects when carbon disulfide and 
hydrogen sulfide coexist; (2) studies to examine the toxicity of carbon 
disulfide when it occurs alone (le, in industries other than viscose rayon 
manufacture); (3) further studies to evaluate the reproductive effects of
carbon disulfide in humans and in animals; (4) additional epidemiologic 
studies conducted in the United States; (5) behavioral and psychologic 
tests for detection of precllnical symptoms of exposure; (6) studies of the 
role of the kidneys in the origination of the severe cardiovascular effects 
of exposure to carbon disulfide; (7) additional studies of dermal 
absorption of carbon disulfide; (8) development and validation of direct- 
reading sampling instrumentation; and (9) design of more efficient control 
technology.
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Several critical issues complicate the development of a standard for 
occupational exposure to carbon disulfide. All human exposure Information 
used in preparing the basis for the recommended occupational exposure limit 
has been taken from data on worker experience in the viscose rayon 
industry. Because of the nature of the process, hydrogen sulfide is always 
present with carbon disulfide. While the available evidence suggests an 
especially important role of carbon disulfide in development of the adverse 
health effects described in this document, the fact that simultaneous 
exposure to hydrogen sulfide occurs in this industry prevents any 
conclusive statement that hydrogen sulfide does not contribute to the 
observed effects. Exposure to carbon disulfide in the viscose rayon 
process is not constant during the workday. Exposure is typically minimal 
during most of the day but may reach high concentrations for short periods. 
The concentrations reported have generally been TWA concentrations and thus 
the effect of these peaks has not been adequately evaluated. Another major 
issue in this document pertains to the reports of reproductive system 
disorders occurring in workers exposed to carbon disulfide. The 
concentrations reported in these studies were low, but, because the 
sampling and analytical methods were not described and the concentrations 
were not adequately reported, these studies were not a major consideration 
in developing the recommended standard.
To provide the Information needed for adequate protection of workers, 
a continuing, concerted effort is required by people concerned with the 
health and safety of employees exposed to carbon disulfide.
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III. BIOLOGIC EFFECTS OF EXPOSURE
Extent of Exposure
Carbon disulfide, CS2 (formula weight 76.14), Is a colorless, 
volatile, and extremely flammable liquid at room temperature [1]. Its
physical and chemical properties are described in Table XIII-1 [1-3]. The
present method of manufacture involves the catalytic reaction of methane 
(natural gas) and sulfur vapor. Before about 1950, however, carbon
disulfide was manufactured by the high-temperature reaction of charcoal
with sulfur vapor [3].
In 1974, approximately 782 million pounds of carbon disulfide were 
produced in the United States [4]. As of 1971, approximately 53% of the 
carbon disulfide produced was used in the production of regenerated 
cellulose (viscose rayon and cellophane), and 25% was used in the 
manufacture of carbon tetrachloride. All other uses constituted the 
remaining 22% [5]. Some of these other uses occur in vulcanizing rubber 
(this use is becoming less common), in making rubber accelerators and 
neoprene cement, and in fumigating grain.
Because the viscose industry is the primary user of carbon disulfide 
and nearly all the studies included in this chapter involve workers in the 
viscose industry, the viscose process will be briefly described. The 
process begins with the steeping of sheets of pressed cellulose in a 
solution of sodium hydroxide to yield alkali cellulose. Next, the 
cellulose is shredded to make cellulose crumbs of consistent size. The 
crumbs are allowed to stand in air to depolymerize the cellulose crumbs. 
Carbon disulfide is then added to form sodium cellulose xanthate. This
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xanthation process is accomplished in large churns, where modem machinery 
controls the exposure to carbon disulfide, although high-concentration 
exposures still occur occasionally. The viscose syrup is then filtered to 
remove undissolved particles. The filtered viscose is extruded through 
spinnerets into an acid bath to regenerate the cellulose. Th^s "spinning" 
process converts the viscose syrup into filaments of regenerated cellulose 
or viscose rayon. The viscose rayon filament that is to become staple 
fiber is then cut into short pieces, washed, and dried. Carbon disulfide 
and hydrogen sulfide are evolved in a ratio estimated at from 2:1 to 10:1 
[6(pp 5-8),7-10] during the spinning process and again during the cutting, 
washing, and drying. Hence, employee exposure is greatest in these areas.
NIOSH estimates that 20,000 employees are potentially exposed to 
carbon disulfide full-time in the United States; their occupations are 
listed in Table XIII-2 [11].
Historical Reports
Carbon disulfide was discovered accidentally in 1796 by the German 
chemist Lampadlus, who observed it as the liquid product of a mixture of 
heated iron pyrites and charcoal [3]. Clement and Desomes, in 1802, 
obtained the compound by heating charcoal and elemental sulfur [3].
Carbon disulfide has since been used for a variety of purposes. In 
the 1840's, the Scottish surgeon Simpson tested carbon disulfide for its 
effectiveness as a narcotic-anesthetic. The compound wa$ shown to have 
strong anesthetic properties, but its use was discontinued because it 
caused hallucinations, headache, and nausea in some patients and because 
its action was difficult to regulate [12]. Within the next decade, carbon
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disulfide began to be widely used in industry because of its excellent
solvent properties. It was used as a phosphorus solvent in the manufacture
of matches and as a solvent in the preparation of fats, lacquers, and
camphor, in the refining of paraffin, and in the extraction of oil from
olives, palmstones, bones, and rags [13].
The first reports mentioning carbon disulfide as a potential health
hazard came from France in the 1850's and referred to the India-rubber
industry, in which carbon disulfide was extensively used [14], At that
time, factories in the modern sense did not exist; production took place in
small, poorly-ventilated workshops, which were often a part of the
craftsman's living quarters. In the manufacture of India-rubber,
caoutchouc sap was softened with carbon disulfide, then spread out to
produce rubber sheets. This process exposed the worker directly to carbon
disulfide vapor [13].
A 1938 survey [13] reported 24 cases of carbon disulfide poisoning
observed in 1856 by Dr. Auguste Delpech, who described the effects of this
compound in this way:
He who works in the "sulphur" [CS2] is no longer a man. He may 
still make a living from day to day in unskilled labor. He 
will never be able to establish an independent position for 
himself. The depressing influence of the carbon disulfide upon 
his will power,...the painful consequence of his indifference,
...the loss of his memory, prevent him from entering another 
occupation. Discouraged and haunted by self-contempt, these 
"miserables" are, moreover, robbed of those functions which 
human beings in all ages have held in highest esteem. 
Condemned to cruel isolation and deprived of loving care and 
affection at their own hearthstones— so often the only 
compensation and consolation of many an industrial drudger—  
these wretched creatures deserve, from the medical as well as 
from the social point of view, our deepest sympathy.
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Delpech [15] described the case of the son of a rubber worker who, 
after 3 days of play In his father's workshop (and exposure to carbon 
disulfide vapor), was "stricken with a type of raging delirium" during 
which he "hurled himself at his father to bite him."
By the turn of the century, the rubber Industry had expanded into 
large-scale production, and exposure was widespread. Severe occupational 
carbon disulfide intoxication in Europe continued to occur [16-18], despite 
the warnings of the early investigators. A 1902 British publication, 
Dangerous Trades [19], described a factory in which the windows of the 
vulcanizing room had to be barred to keep acutely poisoned men from leaping 
out during attacks of mania.
Foreman [20], In 1886, reported a rare case of carbon disulfide 
ingestion. A shoemaker, following a 10-day drinking spree, drank from a 
bottle of carbon disulfide (which he used in his work), mistaking it for 
gin. He died 2 hours later.
According to a 1938 survey of the viscose rayon industry [13], a 
German physician, Laudenheimer, reported, in 1899, 50 cases of insanity
that he attributed to carbon disulfide exposure, and stressed the 
Importance of carbon disulfide as a poison of extrinsic origin capable of 
initiating distinct psychoses. Although it generated much controversy, 
this monograph was instrumental in alerting the European public to the 
risks of carbon disulfide in the rubber industry. In addition, 
Laudenheimer was able to show that exposure to excessive concentrations of 
carbon disulfide in workplaces could be controlled at no excessive expense 
to the business. With ventilation Improvements, carbon disulfide 
concentrations were reduced from several hundred to less than 30 ppm, with
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An 1892 paper by Peterson [21], a New York physician, was the first 
report of carbon disulfide intoxication In the United States. Peterson 
described three cases of insanity, which he attributed to acute carbon 
disulfide exposure, In employees of a rubber factory. These incidents had 
actually occurred 5 years earlier, but Peterson had delayed his report, 
thinking that he would hear of additional cases or acquire more information 
from plant owners or physicians. He was unable to do either, and he 
remarked on the secretiveness of the factory authorities regarding working 
conditions.
Bard [22], a California physician, reported two incidents of carbon 
disulfide intoxication, also in 1892. One involved the acute, nonoccupa- 
tional exposure of two brothers who had purchased carbon disulfide for use 
as a rodenticide. A leaking 50-lb can of carbon disulfide was stored just 
above their bed, and the vapor would "descend to their faces" as they 
slept. This insidious exposure caused, within a few days, a transformation 
in the character of the brothers from "honest, industrious, and genial" to 
accusatory, suspicious, and paranoid. A bizarre sequence of events 
resulted in the suicide of one of the brothers. The other eventually 
recovered after a long period of mental derangement. The second incident 
occurred in the only plant producing carbon disulfide in California at that 
time. An employee imagined, without apparent cause, that a business 
associate was attempting to swindle him. The affected man fired two shots 
at his partner, for which he was charged with "assault to commit murder." 
He was later acquitted on the grounds that he was suffering from temporary 
mania due to inhalation of carbon disulfide vapor.
a corresponding decrease in general and mental morbidity.
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In the United States, the rubber industry was not so carefully 
regulated as it was in Europe, and scattered reports of intoxication 
resulting from exposure to high concentrations of carbon disulfide 
continued to appear through the first two decades of this century. In 
1914, Hamilton [23] surveyed the incidence of Industrial poisoning in the 
rubber industry and found that none of the plant physicians questioned was 
aware of the hazard of carbon disulfide, nor had they ever suspected it as 
being responsible for any form of Illness. However, the foremen of the 
plants related a number of cases of Intoxication that seemed to be caused 
by exposure to excessively high concentrations of carbon disuflde.
The introduction of the viscose rayon industry into the United States 
brought with it additional reports of carbon disulfide-induced 
intoxications [24,25]. It was not until a number of years later, however, 
that carbon disulfide gained notoriety in the United States as a 
significant occupational health hazard. Hamilton [14], in a 1925 review of 
the literature, mentioned two cases of intoxication that had been described 
to her personally by the attending physician. These early incidents in the 
viscose industry involved extremely high concentrations of carbon disulfide 
and presented a general picture of intoxication similar to those described 
in the rubber-works reports. Psychoses, tingling and numbness of the 
extremities, weakness of limbs, loss of appetite, weight loss, severe and 
localized headache, sexual dysfunction, Impaired vision, and 
gastrointestinal disturbances were among the signs and symptoms reported 
following carbon disulfide intoxication [24,25].
Hamilton's 1925 report [14] does not seem to have been received with 
much concern. Twelve years later, in a presentation to the US Department
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of Labor, Hamilton [26] remarked that, although the United States was at 
that time the second or third largest producer of viscose rayon, nothing 
had been done to alleviate the "deplorable condition" of worker health in 
this industry. A year later, in 1938, an extensive survey of the viscose 
Industry was published by the Pennsylvania Department of Labor and Industry 
[13]. Following this, further reports appeared [27-29], and, in 1941, the 
first exposure standard was adopted by the American Standards Association 
[30].
Effects on Humans
Few recent reports or case studies have been found on acute effects 
of exposure to carbon disulfide.
Vigliani [31], in 1954, reported on his observations of occupational 
carbon disulfide poisoning in Italy. The first part of the study described 
100 cases of carbon disulfide intoxication occurring during an outbreak of 
such cases In 1940 and 1941. Because of the war, the factories were 
operated at peak production, and employees were often exposed to carbon 
disulfide 10-12 hours/day at concentrations of up to 2.50 mg/llter (800 
ppm), although the mean concentrations ranged from 0.45 to 1.0 mg/liter 
(144-321 ppm). In the 100 workers examined, polyneuritic symptoms were 
observed in 88% of the patients. Polyneuritis was diagnosed only in cases 
of absence or severe weakening of the Achilles or patellar reflexes. Usual 
symptoms included heavy, tired feelings in the legs, painful knees, and 
difficulty in walking. Gastric disturbances, headaches, and vertigo 
followed in prevalence with 28%, 18%, and 18%, respectively. "Sexual
weakness" and tremors both occurred in 16% of the cases and myopathy In
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15%. Psychoses were diagnosed in 5% of the 100 patients.
Vigliani [31] also reported on 43 viscose rayon workers with carbon 
disulfide poisoning, 39 of them from 2 viscose plants, who had been 
diagnosed as having encephalopathy between 1944 and 1953. The mean age of 
the affected workers was 52.8 years, with a mean length of exposure of 21 
years. Mean concentrations of carbon disulfide found in the factories, as 
measured in 1943, ranged from 0.03 to 1.5 mg/liter (10-482 ppm). The first 
few cases observed were diagnosed as atherosclerotic dementia, pseudobulbar 
paralysis, diffuse encephalomyelitis, or cerebral thrombosis and were not 
considered occupational in origin. As these cases were observed more 
frequently, at ages younger than expected, and following long-term exposure 
to carbon disulfide, a relationship between chronic exposure to carbon 
disulfide and encephalopathy became apparent. Of the 35 affected workers 
under the age of 60, 16 had no hypertension, in contrast to the high
probability of hypertension in presenile cerebral atherosclerosis. This 
indicated a possible toxic factor in the development of the encephalopathy. 
In some workers there was evidence of preexistence or coexistence of 
typical manifestations of intoxication by carbon disulfide such as 
polyneuritis. Vigliani described the typical course of the disease, based 
on the 43 observed cases. Asthenia, paresthesia, difficulty in walking, 
speech alterations, and mental deterioration were common early symptoms. 
Most workers had experienced a stroke followed by spastic hemiparesis. 
Extrapyramidal Involvement occurred in 11 patients. Cerebral 
arteriography, EEG's, and examination of the fundus oculi indicated that 
the encephalopathy was vascular in origin. Necropsy of three patients 
revealed diffuse vascular sclerosis, cerebral atherosclerosis, hyaline
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cases (84.6%) of vascular encephalopathy found in the two monitored plants
occurred in workers from the spinning departments.
Lilis et al [32], in 1967, examined 26 viscose rayon workers using 
renal and hemodynamic tests. The workers, with a mean age of 46.6 years 
and mean length of exposure of 14.6 years, had been part of a previous 
study on cardiovascular effects of carbon disulfide exposure [33]. The 
investigators found that, at the time of examination, 7 workers were 
hypertensive, as diagnosed on the basis of blood pressure tests, 9 had a 
history of high blood pressure but were not hypertensive at time of
testing, and 10 had never had high blood pressure. Effective renal plasma
flow, total renal blood flow, systolic volumes, renal circulatory ratio, 
total renal resistance, creatinine clearance, and the filtration ratio 
(creatinine clearance/p-amlnohippurlc acid (PAH) clearance) were measured 
in the subjects.
Lilis et al [32] measured effective renal plasma flow by PAH 
clearance and found that 10 workers had normal PAH clearances (over 500 
ml/minute), 9 had moderately low clearance (400-500 ml/minute), and the
remaining 7 had greatly reduced PAH clearance (less than 400 ml/minute). 
The normal PAH clearance value of 580 ml/minute was determined as the mean 
value obtained from eight subjects with no history of exposure to carbon 
disulfide and no renal disorders, hypertension, or arteriosclerosis. The 
difference between the mean values of PAH clearance in the control group 
and the 26 exposed workers (580 versus 457 ml/mlnute) was statistically 
significant. Total renal blood flow levels were normal, ie, greater than
1,000 ml/minute, in only 10 of the 26 workers. The source of the "normal"
fibrosis of the media, and thickening of the intima of blood vessels. Most
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values, except as otherwise noted, was not given. Systolic volumes, 
measured In 22 of the exposed workers, were increased in 5 of 6 workers 
with marked reduction in PAH clearance, in 5 of 7 with moderately low PAH 
clearance, and In 3 of 9 with normal PAH clearance. Normal renal 
circulatory ratios (total renal blood flow/heart output) of 20-25% were 
found in 6 of 20 subjects; the other 14 had lower ratios. Normal total 
renal resistance (less than 70 dynes/sq ¿tm) was found in 7 of 23 workers; 
10 had moderately Increased resistance (70-100 dynes/sq jum); and 6 had 
markedly increased resistance (greater than 100 dynes/sq jum). Of the 12 
workers with increased systolic volumes, 10 had incteased total renal 
resistance. Three workers with marked reduction and two with moderate 
reduction of PAH clearance were tested for creatinine clearance. Four of 
the five had normal clearance and one had markedly reduced clearance. The 
filtration ratio (creatinine clearance/PAH clearance) was high or at the 
upper end of the normal range In four of five cases. The authors [32] 
concluded that long-term exposure of workers to carbon disulfide causes 
vascular disease, manifested in the alterations of renal function described 
above. These changes were suggested to be the results of activation of the 
sympathetic division of the autonomic nervous system, producing effects 
similar to those of epinephrine. The functional alterations were thought 
to evolve into organic renal lesions with longer exposure. The results of 
the renal tests appear to be reliable and valid, but the authors' 
explanation of the mechanism of the renal effects of carbon disulfide is 
not substantiated concretely by the data presented.
Ehrhardt [34] reported that a viscose rayon factory in the German 
Democratic Republic first employed women in 1950 but 6 months thereafter
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prohibited their employment because of Increased menstrual bleeding. 
However, at the time this report was published, in 1966, the author stated 
that the German Democratic Republic did not have a regulation prohibiting 
women from working where there might be exposure to carbon disulfide. 
Women were permitted to work where such exposures might occur if they were 
at least 20 years old, although women over 40 were preferred, and if the 
maximum allowable concentration (MAC) of 17 ppm (53 mg/cu m) was not 
exceeded. More recent surveys had not identified any instances of 
spontaneous abortions or complaints of amenorrhea, sterility, or general 
genital organ dysfunction. Ehrhardt concluded that, provided that the MAC 
is not exceeded and that women are carefully examined during employment, 
prohibition of all women from exposure to carbon disulfide is not 
necessary; pregnant women, however, should not be allowed to work where 
carbon disulfide is present. This study, a one-page review of recent 
experiences of the German Democratic Republic's viscose rayon industry with 
women in the workplace, cannot be considered as more than unsubstantiated 
qualitative conclusions.
Finkova et al [35], in 1973, reported on 35 women exposed to carbon 
disulfide in a viscose rayon factory, with emphasis on possible gynecologic 
abnormalities. A medical staff consisting of a neurologist, a 
psychiatrist, an ophthalomologist, and a gynecologist examined the women 
during 1967-1969. No significant neurologic, psychiatric, ophthalmic, or 
laboratory test abnormalities were observed. Gynecologic examinations, 
Including inspection, palpation and cytologic smear testing, also did not 
reveal abnormalities in these exposed women. There was no evidence of 
irregular menstrual function, malformed fetuses, spontaneous abortions,
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hormonal disorders, or altered sexual habits. Occupational disability 
records for all causes were examined for exposed and unexposed men and 
women In the plant. There were no dlscernable differences between exposed 
and unexposed workers nor between men and women. The authors concluded 
that carbon disulfide has no harmful Influence on the health of women 
working In the viscose rayon Industry. The report lacks In design, 
methodology, and quantitative data. No data on concentrations of carbon 
disulfide In the workplace were given, and results were merely described 
rather than statistically analyzed.
Jindrichova [36], as part of a study of 183 employees exposed to 
carbon disulfide at a mean concentration of approximately 200 mg/cu m (64 
ppm) In a cord-flber factory, reported that no specific reproductive system 
disorders were found In women workers.
The few experimental studies available on the effects of carbon 
disulfide exposure on humans have dealt primarily with skin absorption and 
metabolism.
Baranowska [37] conducted a study on humans to determine whether 
carbon disulfide was absorbed through the skin. Sixteen experiments were 
performed to test the absorption of carbon disulfide when the subjects' 
hands were Immersed In aqueous solutions of carbon disulfide while 
pulmonary absorption of the vapor was prevented. The absorption of carbon 
disulfide vapor at unspecified concentrations through the entire surface of 
the body was also studied In two experiments. The quantity of carbon 
disulfide absorbed through the skin was estimated from the quantity of 
carbon disulfide exhaled. Baranowska assumed that the amount of carbon 
disulfide absorbed after a 1-hour exposure was twice the amount exhaled,
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based on similar research of other investigators [38,39]. The effects of 
varying the concentration, temperature, and pH of the carbon disulfide 
solution were studied [37]. In experiments using carbon disulfide at
increasing concentrations (0.35-1.67 g/liter) at a temperature of 21 C, the 
carbon disulfide absorption rate Increased from 21 to 96 jug/sq cm/hour. 
The effect of solution temperature on absorption was tested by performing 
similar experiments at a temperature of 40 C, using carbon disulfide 
concentrations of 0.2-0.8 g/llter. The 20-degree rise in temperature 
caused increased absorption. No significant differences in absorption rate 
were found when pH values were varied from 1.5 to 8.0. In the experiments 
testing dermal absorption of vapor, no carbon disulfide could be detected 
in the exhaled air. The author concluded that the dermal absorption rate of 
carbon disulfide from aqueous solutions was high enough to be of
significant concern in the viscose rayon industry.
Mack et al [40], in 1974, studied inhibition of drug metabolism in 19 
healthy men experimentally exposed to carbon disulfide. The men, 21-40 
years old, were exposed for 6 consecutive hours In an inhalation chamber to 
carbon disulfide at 10, 20, 40, or 80 ppm (31, 62, 124, or 248 mg/cu m). 
Concentrations Inside the chamber were monitored before and during each 
exposure. Groups of 4 fasting subjects were exposed at the various 
concentrations at intervals of at least 30 days. In the first of three 
experiments, each subject received 7 mg/kg of amidopyrine (AP) orally just 
prior to chamber exposure. The subjects were given two sandwiches after 2 
hours of exposure and one sandwich after the 3rd hour. During the exposure 
they were allowed to drink a total of 1.25 liters of apple juice and 
mineral water. Urine samples collected 3, 6, 9, 12, 16, 24, and 33 hours
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after the beginning of exposure were analyzed for metabolites of 
amidopyrine (AP), 4-Aminoantipyrine (AAP), and acetyl-4-aminoantipyrine (N- 
AcAAP). The excretion of the N-demethylation products was taken as a 
measure of alterations in microsomal enzyme activity. Preexposure urinary 
excretion patterns for AAP and N-AcAAP were determined, and the excretion 
averages for a 33-hour period were used to evaluate the changes produced by 
carbon disulfide. The 19 men served as their own controls by undergoing 
the experimental procedures without exposure to carbon disulfide. In the 
second experiment, 18 hours after a single 6-hour, 20-ppm (62 mg/cu m) 
exposure to carbon disulfide, a similar dose of amidopyrine was 
administered; the other procedures of the first experiment were followed. 
This experiment was designed to study the duration of inhibition of 
microsomal enzyme activity. In the third experiment, exposure to carbon 
disulfide at 20 ppm (62 mg/cu m), 6 hours/day for 5 consecutive days, with 
administration of amidopyrine at the beginning of the last exposure, was 
carried out to study possible cumulative inhibition.
The authors [40] found that, in the single 6-hour exposures, 
concentrations of 10 ppm (31 mg/cu m) caused no appreciable reduction in 
urinary excretion of N-AcAAP but caused significant reductions in free AAP 
and total AAP. At carbon disulfide concentrations of 20, 40, and 80 ppm 
(31, 124, and 248 mg/cu m), reductions in free AAP, N-AcAAP, and total AAP
were statistically significant. Twelve hours after exposure began, the 
Inhibition had usually reached maximum, after which the levels of AAP and 
N-AcAAP increased. At the end of the 33-hour observation period, these 
levels had surpassed preexposure values. After exposure at 10 ppm (31 
mg/cu m), free AAP and total AAP excretion levels had returned to
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preexposure values by 8 hours after exposure ended. At other
concentrations, the times of return to preexposure levels were
proportionately longer, being slightly more than 18 hours after the end of 
exposure at concentrations of 80 ppm (248 mg/cu m).
In the second experiment, amidopyrine administered 18 hours after the 
6-hour carbon disulfide exposure was metabolized and excreted in normal 
time. Carbon disulfide exposures at 20 ppm (62 mg/cu m), 6 hours/day for 5 
consecutive days, resulted in greater reduction in AAP excretion than was 
seen in the single exposure at the same concentration. Mack et al [40] 
concluded that carbon disulfide, by blocking microsomal mixed-function 
oxidases, inhibited N-demethylation of amidopyrine, allowing the drug to 
persist in the body. At the same time, the excretion of the metabollties 
AAP and N-AcAAP was prolonged. The authors pointed out the possible 
serious implications of these findings: even very low concentrations of
carbon disulfide, 10-20 ppm (31-62 mg/cu m), for 6 hours could retard
normal metabolism of such frequently taken drugs as analgesics, hypnotics, 
antidiabetics, and anticonvulsants. This could be especially Important for 
highly cumulative drugs such as phenylbutazone and hydantoln derivatives. 
It was suggested that this inhibition of drug metabolism might be a useful 
indicator of exposure for carbon disulfide-exposed workers. However, 
because of the short duration of the inhibitory effect, the authors [40] 
felt that timely urine collection and testing would be difficult.
Epidemiologic Studies
There are numerous epidemiologic studies of occupational exposure to 
carbon disulfide in the literature, and these reports constitute the
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majority of the biologic evidence associating adverse health effects with 
exposure to carbon disulfide.
(a) Cardiovascular Effects
Tiller et al [41], in 1968, reported a coronary heart disease 
mortality study in male viscose rayon workers exposed to carbon disulfide 
in England and Wales. The authors calculated the percentage of deaths from 
coronary heart disease in 397 viscose rayon workers who died between 1933 
and 1962, for comparison with national rates for the same period. The 
workers, who were 35-64 years old when they died, had been employed at 
three viscose rayon factories— 223 as rayon process workers (involved in 
viscose making or spinning and exposed to carbon disulfide, hydrogen 
sulfide, or both) and 174 as nonprocess workers (not directly exposed to 
these compounds). The control group consisted of 561 local men of 
comparable age who died during the same period. In rayon process workers, 
42% of all deaths were attributed to coronary heart disease (94 observed 
versus 42 expected, P<0.001), as were 24% in nonprocess workers (41 
observed versus 31 expected, P<0.05) and 17% in the control group (97 
observed versus 73 expected, P<0.01). The finding that the proportion of 
deaths from coronary heart disease in the controls was significantly higher 
than the national rate (14%), together with the imprecise classification of 
workers, makes interpretation of the results difficult. Also, monitoring 
for carbon disulfide was not performed routinely prior to 1945, so that the 
extent of exposure could not be specified.
Because of these limitations, a second study [41], based on more 
precise exposure information and work histories, was undertaken at the 
newest of the three factories. Monitoring for carbon disulfide and
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hydrogen sulfide had been performed regularly in this factory after 1945, 
although frequency and methods of air sampling and analysis were not 
reported. Carbon disulfide concentrations in the churn rooms of the 
viscose-making department reportedly exceeded 20 ppm (62 mg/cu m) in 17% of 
the tests made. Nearly half the air samples from the spinning department 
had carbon disulfide concentrations above 20 ppm (62 mg/cu m ) . Workers in 
the spinning department were exposed to hydrogen sulfide also at 
concentrations which, although usually low, occasionally exceeded 10 ppm 
(about 15 mg/cU m). Tiller et al discounted the role of hydrogen sulfide 
in causing coronary heart disease. They reported that deaths from coronary 
heart disease in those who had worked exclusively in the viscose-making 
departments of the two older factories far outnumbered such deaths in the 
newest, most "modern" factory (13 deaths observed versus 4.6 expected in 
the older factories and 6 observed versus 5.0 expected in the newest one). 
Because there was no exposure to hydrogen sulfide in the viscose-making 
department, the authors attributed the difference in coronary mortality 
ratios to lower catbon disulfide exposure in the new factory.
Another mortality study In this report [41] was restricted to workers 
who died after at least 10 years of exposure in the viscose rayon industry, 
including 1 year or more between 1945 and 1949 at the plant studied. 
Analysis was limited to the 2,129 employees who were between 45 and 64 
years of age at some time during the study period (1950-1964). Records of 
over 97% of these men were successfully traced and were classified by 
predominant work experience: viscose making, viscose spinning, or
nonprocess; employees of foreman or higher status were divided into 
spinning and nonprocess staff.
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From death certificates, the causes of death were classified as (1) 
coronary heart disease, (2) other cardiovascular disease, and (3) other 
causes [41]. Using expected numbers of deaths based on national rates for 
England and Wales, the authors found that significantly more viscose 
spinners than expected died of coronary heart disease (28 versus 14.6, 
P<0.001). Deaths from coronary heart disease were also more numerous than 
expected in supervisory personnel assigned to the spinning department (9 
versus 4.3, P<0.05). Spinning workers with less than IQ years of
employment also had a significantly higher than expected incidence of 
deaths from coronary heart disease (7 versus 2.4, P<0.01). The authors
[41] compared the mortality of all men In the spinning department (both
operatives and staff) with that of all men working outside the spinning
department. The death rates from coronary heart disease were 6.6/1,000 
man-years for all men in the spinning room and 2.7/1,000 man-years for all 
men in other departments. The difference in rates was significant at the 
0.01Z level of probability. The criteria for classification as "coronary 
heart disease" were not clearly explained in the study [41]. Because this 
report was a proportionate mortality study, the relative risks of death 
from coronary heart disease could have been affected by changes in the
percentages of other causes of death, possibly confounding the role of
carbon disulfide in causing coronary heart disease. Also, no controls, 
other than the nationally based "expected" numbers of deaths, were used in 
the second half of the study. Finally, the sampling and analytical methods 
used to determine carbon disulfide concentrations were not described.
Hemberg et al [8] studied coronary morbidity and risk factors in 
male workers exposed to carbon disulfide at a Finnish viscose rayon plant.
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Workers aged 25-64 at the time of the physical examination (1967-1968) and 
those who had died before age 65 were included in the exposed group. All 
exposed subjects had had at least 5 years of experience between 1942 and 
1967 in the departments with the heaviest concentrations of carbon 
disulfide (primarily the spinning and spinning-bath departments). Of the 
410 workers meeting these criteria, 45 had died and 22 others were, for a 
variety of reasons, not examined. The remaining 343 subjects were examined 
and matched individually with an equal number of controls who had a minimum 
of 5 years1 continuous work experience at a nearby papermill. The pairings 
were based on (1) age difference of 3 years or less, (2) proximal 
birthplaces, and (3) nearly equivalent physical work requirements.
The authors [8] used graphs to report the mean exposure 
concentrations of hydrogen sulfide plus carbon disulfide from 1945 to 1967. 
Approximately 3,000 measurements were available, based on 5- to 10-minute 
air samples taken 1-36 times yearly at 10-40 different sites each time. A 
titrimetric xanthate method was used to analyze the samples [42] . Roughly, 
the hydrogen sulfide plus carbon disulfide concentrations were greater than 
40 ppm before 1950, 20-40 ppm between 1950 and 1960, and 10-30 ppm in the 
1960's. The hydrogen sulfide concentrations were estimated to have been 
10% of those of carbon disulfide. An approximate measure of personal 
exposure was developed for each subject, using an index of "exposure 
dosage." Despite the limitations of the data, including scanty work 
histories, possibly nonrepresentative air sampling, and considerable 
intrafactory mobility, the authors [8] considered that the index gave a 
reasonably accurate picture of each subject's total exposure to carbon 
disulfide plus hydrogen sulfide.
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In addition to mailing general and coronary history questionnaires to 
all subjects, the researchers [8] physically examined the subjects. The 
examination included electrocardiography following measured exercise, chest 
radiography, and blood pressure measurements. Death certificates were 
obtained for A3 of the 45 exposed men who died prior to examination and for 
the 5 who died in the 2 years following the commencement of examinations 
[8]. No comparable mortality data were obtained for the control group. 
The authors reported that 52% of the deaths (25 of 48) were from coronary 
heart disease. The expected percentage, based on official age- and year- 
adjusted statistics for the male population, was 31.7% (15.2 deaths). This 
difference was significant at P=0.002 for a two-tailed test. No 
significant differences were found between the exposed and control groups 
in their histories of myocardial infarctions. There was a significant 
difference (P<0.05) in the prevalence of angina between the exposed group 
(17%) and the controls (11%). The clearest difference between exposed and 
control workers was in blood pressure. The exposed group had a mean 
systolic blood pressure of 140 mmHg, while that reported for the control 
group was 136 mmHg (P<0.005). For fourth- and fifth-phase diastolic 
pressures, the differences again were statistically significant (P<0.001), 
the exposed group averaging 4-6 mmHg higher values than controls. While 
the blood pressure differences were stated to be statistically significant, 
the clinical significance is questionable because of the known lability of 
blood pressure. Neither ECG’s nor heart-volume data revealed significant 
differences.
Hernberg et al [8] pointed out the possible "diluting effects" from 
preemployment screening-out of unhealthy workers, from subsequent employee
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transfers and resignations, and from exclusion of patients receiving 
disability pensions for causes other than carbon disulfide toxicity. The 
authors emphasized that these factors increased the importance of 
significant or nearly significant findings as indicators of real effects of 
carbon disulfide poisoning. Because of good control selection and 
thoroughness of physical examinations, the authors' conclusions of a 
possible role of carbon disulfide in coronary heart disease seem valid.
In 1971, the same investigators measured blood lipids, glucose 
tolerance, and plasma creatinine and cholesterol in the workers previously 
studied [8]. From all 343 viscose rayon workers and their matched 
controls, the authors [43] drew fasting venous blood samples. Glucose was 
given orally to the subjects as a 10% solution in amounts proportional to 
their body weights, and postload blood samples were drawn 1 and 2 hours 
later. No significant differences were found between the total exposed and 
control groups or any of the three paired subgroups for plasma cholesterol, 
serum triglycerides, serum free fatty acids, total serum lipids, or plasma 
glucose values. The mean fasting glucose value of subjects with more than 
15 years’ exposure and the 1-hour value of the entire group were very 
nearly significantly elevated above control values (0.05<P<0.10). The only 
parameter that showed a significant effect from carbon disulfide dose or 
duration of exposure was the fasting glucose concentration, which was 
correlated with both the exposure duration and the exposure index (P<0.05 
in both cases). The mean plasma creatinine for 68 exposed men was 1.00 mg% 
versus 0.94 mg% for the controls (P=0.02). This indicated a tendency 
toward increases in fasting blood glucose and creatinine concentrations 
after prolonged carbon disulfide exposure.
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In a 5.5-year followup study published in 1973, Hernberg et al [44] 
reported excess coronary heart disease in the cohort used in their earlier 
study [8]. Mortality in the exposed group of 343 workers was compared with 
that of their corresponding controls in the 5.5 intervening years [44]. 
However, evaluation of the effectiveness of the matching scheme revealed 
that the responses of paired exposed and control workers were not 
correlated; hence, the exposed and control data were treated as two 
independent series. Of 23 deaths in the exposed cohort, 16 were from 
coronary heart disease, as were 3 of 9 deaths in controls during the 5.5- 
year followup. The relative risk of exposed workers versus controls was 
5.6 for coronary heart disease mortality and 2.7 for overall mortality. 
Calculations from the authors' data, however, yielded values of 5.2 and 
2.6. The relative risk is defined as the ratio of the rate of disease in 
those exposed to the rate in those not exposed. Both ratios differed 
significantly from 1.0. The mortality rate from coronary heart disease in 
the exposed group was 4.7% and the overall mortality rate was 6.7%, while 
the corresponding rates in the control group were 0.9% and 2.6% for the 
5.5-year followup period. Therefore, the attributable risk for coronary 
heart disease mortality among viscose rayon workers exposed to carbon 
disulfide was 3.8% and that for overall mortality was 4.1%, with 
probabilities of 0.002 and 0.011 that the attributable risks differed from 
zero. The attributable risk is defined as the difference in disease rates 
between those exposed and those not exposed.
Based on the total Finnish male population, the relative risk of 
coronary heart disease was greater than 1.0 for 45- through 69-year-old 
exposed workers in each of the 5-year age groupings [44] . The relative
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risk for all ages was 2.05 (P<0.01). The age-adjusted total relative risk 
was 2.10. The relative risk of the nonexposed cohort was 0.37, indicating 
a smaller than expected number of deaths from coronary heart disease in the 
control group as compared with the general male population (P<0.05). This 
result implies an Inherent selection of healthy individuals in the 
industrial environment.
Using discriminant function analysis (a multivariate technique used 
to differentiate populations), the Hernberg group [44] attempted to assess 
the quantitative effect of carbon disulfide exposure in relation to other 
variables of potential risk. In addition to carbon disulfide exposure, 
calculated for each subject as an individual exposure index [8], they 
considered the four risk factors of age, history of cigarette-smoking, 
diastolic blood pressure, and serum cholesterol level [44]. The 
discriminant function classified the exposed workers as to those who would 
die of coronary heart disease and those who would die of other causes. The 
function proved accurate for 88.7% of the workers who died. The mean 
values of each of the five risk factors for those who died of coronary 
heart disease were significantly different (P<0.05) from those for workers 
who died of other causes. Nevertheless, the importance of carbon disulfide 
exposure as a risk factor in coronary heart disease mortality was not 
obvious from this analysis. The authors therefore graphed the risk ratio 
functions at various exposure levels by age. The absolute risk of death 
from heart disease increased with age, but, with adjustment for age, carbon 
disulfide exposure became the more important factor. Hernberg et al [44] 
stated that, although not precise, the exposure data they had reported 
earlier [8,43] had become the basis for the lowering of the Finnish
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threshold limit value (TLV) from 20 to 10 ppm (62 to 31 mg/cu m) in 1972. 
Such data cannot prove causation of coronary heart disease by carbon 
disulfide exposure; however, these data suggest a strong association 
between exposure to that chemical and coronary heart disease.
An additional 5-year followup to the Hernberg et al [8] study on 
workers exposed to carbon disulfide was reported in 1975 by Tolonen et al 
[45], Between 1967 and 1972, 11 of the 343 exposed workers and 4 of the 
343 nonexposed workers survived a first myocardial infarction. During the 
same period, there were 14 fatal attacks in the exposed group and 3 in the 
control group, giving a total of 25 myocardial infarctions in exposed 
workers and 7 in nonexposed workers. The incidence rate was 7.5 
infarctions/100 workers in the exposed group and 2.1 in the control group 
(significant difference at P-0.0012), giving a relative risk of 3.6, 
although the authors reported this ratio as 3.7. As in the original study 
[8], the ECG tracings revealed abnormalities in the exposed group, but 
these were not significantly different from those seen in tracings from the 
controls [45]. For workers exposed to carbon disulfide, the relative risk 
was greater than 1.0 for "typical angina," as well as for probable angina 
and possible angina. Although probable angina showed the highest relative 
risk and associated significance in the original study [8], Tolonen et al 
[45] found in the followup that typical angina showed the highest relative 
risk (2.8), with a prevalence rate of 12.0% versus one of 4.9% in the 
control group (P<0.001). Symptoms of angina were nearly twice as frequent 
in workers exposed to carbon disulfide as in the control group (24.6% 
versus 13.0%, significantly different at the 0.0001 level). Summarizing 
coronary heart disease manifestations, Tolonen and coworkers [45] reported
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that the more severe the outcome, the more evident the relationship to 
carbon disulfide exposure. The relative risks were 4.8 for fatal 
infarctions, 3.6 for all infarctions, 2.8 for nonfatal infarctions, 2.2 for 
angina, and 1.4 for "coronary ECG's." In terms of attributable risk, 
angina symptoms prevailed with 11.6% because of the greater frequency of 
angina than of more severe symptoms.
Tolonen et al [45] also reported that, as in the original study [8], 
blood pressures were significantly higher in the exposed group. They found 
a maximum difference of 17% between cumulative frequency-distribution 
curves for systolic blood pressure of exposed workers versus controls 
(P<0.001) [45]. The difference was 14% for diastolic pressure (P<0.01).
Compared to controls, exposed workers showed a slight, nonsignificant 
increase In relative heart volume.
To study risk factors in infarction cases, Tolonen et al [45] matched 
a group of 32 exposed and unexposed men who had had myocardial infarctions 
during the followup with 32 exposed and unexposed men free from the 
condition. The exposed men had significantly higher systolic and diastolic 
blood pressures and a history of more cigarette smoking than the controls 
(P<0.001, P<0.02, and P<0.01, respectively). The authors [45] did not find 
a significant relationship between exposure duration and incidence of 
coronary infarction.
Tolonen et al [45] concluded that the highest relative risks were 
evident in the most severe myocardial attacks and the lowest relative risks 
(although larger than 1.0) in the mildest forms of coronary heart disease 
(eg, anamnestic angina, "coronary ECG's"). Accordingly, they suggested 
that carbon disulfide may cause a worsening prognosis of coronary heart
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disease at a given severity, while perhaps also slightly Increasing the 
incidence and prevalence of symptoms related to coronary heart disease. 
Tolonen et al [45] related their clinical data to workroom concentrations 
and to the TLV for carbon disulfide. The concentrations of hydrogen 
sulfide plus carbon disulfide during the 10 years prior to this study had 
generally been near or below 20 ppm. Sampling, which was done only monthly 
and only under "normal" conditions, may have failed to detect peak exposure 
and no-exposure times. More important, by 1968, 38% of the workers were no 
longer exposed to carbon disulfide, and about 40% were not exposed in the 
followup period (1968-1972). This, the authors concluded, indicated 
irreversible, deleterious effects of carbon disulfide on the development of 
coronary heart disease, and they suggested that the recently observed 
levels of 10-30 ppm were too high to safeguard employee health. However, 
the Tolonen group [45] did not discuss the possible role of hydrogen 
sulfide.
In 1976, Hemberg et al [46] reported on an 8-year followup to their 
studies on coronary heart disease mortality in viscose rayon workers. Of 
the 343 original members of the exposed cohort assembled in 1967, 165 men 
(48%) were still employed in the plant in 1975, but only 64 (19%) were
still exposed to carbon disulfide. All workers were accounted for in the 
followup study. Marked decreases in the concentrations of carbon disulfide 
plus hydrogen sulfide were noted during the final 3 years of the followup: 
concentrations were around 5 ppm in the rayon staple-fiber factory and less 
than 5 ppm in the rayon-filament factory. The 8-year incidence rate of 
coronary mortality was 5.8% in exposed workers and 2.6% in controls. Total 
mortality rates for the two groups during the same period were 10.2% and
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6.7Z. The difference in coronary mortality was 3.2%, and the difference in 
total mortality was 3.5%, indicating that coronary heart disease was almost 
totally responsible for the excess mortality. However, during the last 3 
years of the followup, six deaths attributed to coronary heart disease 
occurred in each cohort. Because only 19% of the original exposed cohort 
remained exposed to carbon disulfide in 1975 (versus 53% in 1972), and 
because environmental concentrations had greatly decreased by 1975, the 
authors [46] stated that the decrease in coronary mortality coincided with 
the changed conditions. Hernberg et al [46] concluded that this apparent 
reversibility suggested that the previously reported excess coronary 
mortality may have been caused by direct toxic effects of carbon disulfide 
on the myocardium rather than to an acceleration of the atherosclerotic 
process. The authors, however, based this "reversibility" theory on only 3 
years of followup and six coronary heart disease deaths in each cohort 
during this period. Further, this finding in no way contradicts earlier 
findings of excess coronary mortality [8,44,45], because improved work 
practices, administrative controls, and extensive use of personal 
protective equipment had markedly Improved working conditions. It should 
be noted, however, that increased mortality in the control group during the 
last 3 years of this 8-year study contributed much more to the eventual 
equality of mortality rates of the exposed subjects and the controls than 
did decreased mortality in the exposed group during the same period.
Nurminen [47], in 1976, analyzed the 8-year survival experience of 
the cohort of 343 viscose rayon workers developed by Hernberg et al [8] in 
1967. The author developed a life table to study life-expectancy 
differences and calculated age-specific death rates from coronary heart
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disease. The 8-year cumulative Incidence rates of coronary heart disease 
found by Nurminen [47] for the exposed and control groups were 5.8% and 
2.6%, and the relative risk was 2.22. A two-tailed confidence Interval 
revealed that the relative risk was significantly larger than 1.0. The 
attributable risk percent was 55%. Overall mortality data also showed 
increased risk in exposed workers. The estimated 8-year survival rate from 
coronary heart disease was 94.1% for the exposed workers and 97.3% for the 
controls, based on the changing structure of the cohorts. In all age 
groups (25-44, 45-49, 50-54, 55-59, 60-64, and 65-72), the unexposed
workers had a longer life expectancy, with a range of 0.9-2.1 additional 
years. At older ages, the absolute differences In life expectancy 
decreased but the percentage differences Increased. The author also found 
that the Incidence rate increased markedly until age 65. Death rates from 
coronary heart disease in exposed workers were higher than those for the 
controls after age 50 (except age 65-72). Although coronary mortality 
during the entire 8-year followup period was higher in the exposed group, 
coronary mortality was lower In the exposed group during the 8th year of 
the followup. Nurminen [4?] concluded that, because environmental and 
administrative modifications were Instituted in the factory during the 
final 3 years of the followup, the risk of coronary death In formerly 
exposed viscose rayon workers could have been lowered by decreased carbon 
disulfide concentrations.
Cirla et al [48] studied 325 rayon factory workers in Italy to 
determine the relationship between risk of coronary heart disease and 
occupational exposure to carbon disulfide. Only workers with at least 5 
years of exposure to carbon disulfide and without any history of coronary
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disease prior to employment were included. The workers were divided into 
three groups: 125 subjects exposed to carbon disulfide at average
concentrations equal to or higher than 120 mg/cu m (39 ppm); 28 subjects
exposed at concentrations averaging 60 mg/cu m (19 ppm); and 172 unexposed
workers. All subjects were men of similar backgrounds with equivalent job- 
related workloads. The moderately exposed group (only 28 Individuals) had 
a larger percentage of smokers (93%) than either the heavily exposed group 
(71%) or the control group (73%); however, the percentages of heavy smokers 
(more than 10 cigarettes/day) were similar in the three groups (29% for 
heavily exposed workers, 32% for moderately exposed workers, and 34% for 
controls). ECG’s at rest and after a Master's two-step test with the 12 
conventional leads were made after the subjects had fasted for at least 2 
hours. Two cardiologists interpreted the ECG's, using supplemented patient 
medical history data, In a double-blind design. In cases of discordant 
diagnoses, the two cardiologists discussed the findings to reach agreement.
The authors [48] found ECG patterns indicating coronary artery 
disease in 5.6% of the subjects exposed to carbon disulfide at average
concentrations above 120 mg/ eu m (39 ppm), in 3.6% of those exposed at 60 
mg/cu m (19 ppm), and in 1.2% of the controls. There was a trend toward 
Increased arterial hypertension with increased carbon disulfide exposure. 
A "trend" chi-square test showed significance (P<0.05) in the increase in 
coronary heart disease as a function of carbon disulfide exposure. Also, a 
2 x 2  chi-square analysis of coronary heart disease in the hlgh-exposure 
group versus that In the control group showed a significant difference 
(P<0.05). The relative risk of coronary heart disease for highly exposed 
workers compared with that of controls, calculated from the authors' data,
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is 4.8. Although causation was not proven at concentrations around 60 
mg/cu m (19 ppm) (the present Italian MAC), the authors considered the MAC 
for carbon disulfide to be too high to protect against the development of 
chronic pathogenic coronary heart disease development.
Gavrilescu and Lllls [33] examined 138 artificial-silk workers whose 
exposure to carbon disulfide, averaging more than 10 years, had been at 
concentrations averaging between 20 and 42 mg/cu m (6-13 ppm) during the 
past 8 years, with peaks of 120-180 mg/cu m (39-58 ppm); earlier levels, 
believed to have been higher, were not documented. Atherosclerotic 
changes, as Indicated by clinical, electrocardiographic, oscillometric, and 
optic fundi examination and by estimations of cholesterolemia, 
triglyceridemia, and lipidemia, were found in 30.4% of the subjects and 
arterial hypertension in 23.2%; 14.5% of the workers showed both
conditions. No control group was studied, but the authors stated that 
these percentages were significantly higher than in comparable groups of 
the population not exposed to carbon disulfide. Oscillometry disclosed 
that many of the atherosclerotic changes occurred in the main arteries of 
the legs; others were in the cerebrum; and a few workers showed ECG signs 
of coronary atherosclerosis. Hypertension was more frequent in workers 
with more years of exposure; 50% of the workers exposed to carbon disulfide 
for more than 20 years had arterial hypertension. The authors warned 
against exposing employees with a familial history of arterial 
hypertension, diabetes mellltus, obesity, or atherosclerosis to carbon 
disulfide. This report did not contain specific methodologies of air 
sampling and analysis or diagnosis of the conditions found, nor did it give 
adequate data to substantiate Its results.
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Locati et al [49] studied 116 cases of chronic carbon disulfide 
poisoning diagnosed in exposed viscose rayon workers who were admitted to 
the Clinica del Lavoro of Milan between 1947 and 1969 for possible 
occupational disability compensation. All subjects had been exposed to 
carbon disulfide at concentrations averaging above 20 ppm (62 mg/cu m) for 
more than 5 years, although exact concentrations were not known. The mean 
age of the workers was 50.4 years at the time of examination. The 
prevalence of coronary heart disease was studied by examining the clinical 
and ECG data on each subject and by using Goldberger's [50] criteria for 
diagnosis. The affected viscose rayon workers were compared with 120 men 
(mean age 51.2 years) admitted to the clinic for suspected silicosis but 
found to be unaffected by lung disease [49]. Although more viscose rayon 
workers were diagnosed as affected by coronary heart disease, the 
difference was not statistically significant. However, using 111 workers 
referred to the clinic for suspected carbon disulfide poisoning but found 
to be unaffected as controls, Locati et al [49] noted that 16.5% of the 
poisoned workers versus 2.7% of the controls had coronary heart disease. A 
chi-square test with their data shows a difference significant at the 0.001 
level. Because of lack of specificity in selection of controls, these 
results can be regarded only as weak evidence for a role of carbon 
disulfide in the development of coronary heart disease. Because coronary 
heart disease in viscose workers was not compensable in Italy and only 
those workers with compensable disabilities were sent to the Clinica del 
La*'oro, it is possible that workers with coronary heart disease were 
admitted to other hospitals. This suggests that there may have been even 
larger differences between poisoned workers and controls in the incidence
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of coronary heart disaease. The lack of details concerning individual 
exposure levels did not permit reliable correlation of dose and effect.
Lieben et al [51], in 1974, studied the cardiovascular effects of 
carbon disulfide exposure in 1,498 male viscose rayon workers in the United
States. All workers were 45 years of age or older and had 10 or more years
of service at any of three plants. Although participation was voluntary, 
87%, 97%, and 100% of the workers at the three plants participated in the
study. The controls were 481 acetate plant workers. The survey consisted 
of obtaining an ECG (read "blind" by a certified cardiologist), blood 
pressure, total cholesterol, and height, weight, age, and occupational 
exposure history for each employee. The employees were divided into four 
study groups on the basis of exposure history: group 1 had no carbon
disulfide exposure (acetate workers); group 2 had "possible" exposure 
(occasional but not constant exposure); group 3 had "intermediate" exposure 
(viscose department workers for more than 10 years and workers with less 
than 10 combined years in spinning and staple departments, but with a total
of 10 or more years in the viscose plants); group 4 had "heavy" exposure
(more than 10 years of experience in staple or spinning departments). 
Specific environmental concentrations of carbon disulfide were not 
reported.
The authors [51] reported that the only statistically significant 
finding was that hypertension and borderline hypertension were more 
frequent in the exposed-worker groups than in the controls. Hypertension 
was defined as systolic pressure of 160 ntmHg or more or diastolic pressure 
of 95 mmHg or more. The percentages of hypertensives were 18, 28, 27, and 
30% for the control, "possible," "intermediate," and "heavy" exposure
53
groups, respectively. Borderline hypertension (defined as systolic 
pressure of 140-160 mmHg or diastolic pressure of 90-95 mmHg) or 
hypertension was found in 38, 60, 58, and 60% of the four exposure groups. 
A test for trends from lowest to highest exposure group revealed a 
significant trend in hypertension, with or without borderline cases. 
Although other trends were significant, the authors felt that it was 
"reasonable not to pay any particular attention" to them. They concluded 
that the hypertension problem was the only significant finding of the 
study, even though the differences between exposed and control workers in 
mean blood pressures were slight (140/87 mmHg versus 135/83 mmHg).
The authors [51] mentioned three shortcomings in their paper: the
problems inherent in using a survivor group; the inexact evaluation of 
employee exposures to carbon disulfide; and the limitations of a 
retrospective study. They doubted the Importance of employee turnover 
during the period of observation because of .the advantages earned by 
seniority (eg, better wages, more security). However, they reported that 
96 workers aged 45-64, with more than 10 years’ experience, left one of the 
plants in 1972. Of these, 12 retired for health reasons and 11 died. If 
some of these 23 disabilities and deaths were cardiovascular in nature, the 
data and conclusions of this study could definitely have been altered. 
Another problem in this study was the use of acetate workers as the control 
group. Because hypotension has been associated with exposure to acetone 
[52,53], a different control group would have been more appropriate.
Kramarenko et al [54] examined 94 young women, aged 17-19 years, who 
underwent vocational training for 9 months at two viscose rayon mills. The 
two plants reportedly used basically the same technology and had similar
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working conditions. The 44 women working at Mill A were reported to be 
exposed to carbon disulfide at average concentrations of about 20-30 
mg/cu m (6-10 ppm). The 50 women at Mill B were reported to be exposed to 
carbon disulfide at average concentrations of 3-10 mg/cu m (1-3 ppm). 
Hydrogen sulfide concentrations did not exceed 10 mg/cu m (3 ppm) at either 
mill. The workers were given medical examinations at the beginning of 
training and after 5, 7, and 9 months. Cardiovascular, muscular, and 
nervous system functions were examined. All systems showed functional 
modifications during the 9 months of training. The mean systolic blood 
pressure of Mill A trainees, after an initial rise from 103.0 to 110.1 mmHg 
at 5 months, decreased to 93.6 mmHg after 9 months (P<0.001). Mill B 
trainees did not show a significant decrease in systolic blood pressure, 
but both groups showed significantly decreased diastolic pressures (Mill A: 
64.1 to 47.6 mmHg, P<0.001; Mill B: 62.1 to 53.0 mmHg, P<0.05). Pulse
rates were also significantly decreased for both groups (P<0.001) after 9 
months of training (Mill A: 83.0 to 71.6 beats/minute; Mill B: 78.9 to
74.7 beats/minute). A shorter latency period for simple and complex 
reactions of the nervous system was found in both groups. The findings of 
hypotension and nervous system excitability [54] indicate the opposite of 
other reports which showed hypertension and slower neuromuscular reaction 
times [55-57]. The fact that the subjects were very young and female may 
have had some bearing on the results, although this remains uncertain.
(b) Effects on the Reproductive System
Lancranjan et al [58], in 1969, studied testicular changes in young 
workers In an artificial-flber factory who had been exposed to carbon 
disulfide at average concentrations of 40-80 mg/cu m (13-26 ppm), with
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peaks up to 780 mg/cu m (250 ppm). On the basis of clinical, biochemical, 
vascular, and electromyographic (EMG) examinations, the 33 workers had been 
diagnosed as chronically poisoned by carbon disulfide. The workers had a 
mean age of 22 years and a mean length of exposure of 21 months. The 31 
controls had a mean age of 25.9 years. The patients were given 
endocrinologic examinations, using urine and semen analyses. Disturbances 
of "sexual dynamics" were observed in 78% of the patients, decreased libido 
(66%) and erection difficulty (51%) being the most common problems. Semen 
analysis revealed that the poisoned workers had significantly higher 
frequencies than the 31 controls of asthenospermia (18 versus 3 cases, 
P<0.001), hypospermia (11 versus 3 cases, P<0.025), and teratospermia (25 
versus 4 cases, P<0.001. The excretion of total neutral 17-ketosteroids 
was lower in the exposed workers than in the controls. However, this 
decrease was not correlated with duration of exposure. The authors [58] 
suggested that carbon disulfide may act both on the hypothalamus and 
directly on the gonads to produce the observed effects. It should be noted 
that the authors first stated that there were 33 exposed subjects with a 
mean age of 22 years, but later mentioned 32 subjects with a mean age of 25 
years.
In 1972, Lancranjan [59] examined 133 chronically poisoned male 
viscose rayon workers and 50 male controls, both with an average age of 30 
years, for spermatic disorders. Using methods described in a previous 
study [58], Lancranjan [59] again found significantly increased frequencies 
of hypospermia, teratospermia, and asthenospermia in poisoned workers over 
controls.
56
Vasilyeva [60] studied female viscose rayon workers in three 
different departments for possible effects of carbon disulfide on ovarian 
function and menstruation. The study Included 500 workers in the spinning 
shop, where carbon disulfide concentrations sometimes exceeded 20 mg/cu m 
(6 ppm) and hydrogen sulfide concentrations reportedly never exceeded 10 
mg/cu m (7 ppm); 209 workers in the trimming department, where the 
concentration of neither carbon disulfide nor hydrogen sulfide exceeded 10 
mg/cu m (3 ppm); and 429 workers In the rewindlng-sorting department 
(controls), not exposed to either substance. Durations of menstrual flow 
of more than 5 days occurred in 17.8% of the spinners, 10.5% of the 
trimmers, and 5.1% of the controls (P<0.001). Workers in the spinning shop 
experienced irregular menstruation significantly more frequently than the 
controls (7.6% and 1.6%, respectively; P<0.001). The frequency of 
Irregular menses Increased with longer occupational exposure. Heavy 
menstrual flow occurred in 12.5% of the spinners, 11% of the trimmers, and 
2.3% of the controls (P<0.001); painful menstruation was also significantly 
more common in exposed workers (36% and 38%) than controls (17%). These 
disorders increased in frequency with Increased job longevity. Finally, 48 
women from the spinning shop, 29 from trimming, and 35 from the rewindlng- 
sorting shop were examined for cellular disturbances in vaginal smears at 
various times during the menstrual cycle. Twelve of 48 spinners and 11 of 
29 trimmers, but only 3 of 35 rewindlng-sorting workers, had cellular 
changes. A biochemical study of the sex hormones in the urine confirmed 
the vaglnal-8mear findings, and the authors concluded that women working in 
the spinning and trimming departments had disturbances in ovarian hormone 
production. This report suggests that higher levels of carbon disulfide
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and longer exposure durations may lead to more pronounced ovarian 
disturbances. A possible dose-response relationship for carbon disulfide 
is suggested from these data, since hydrogen sulfide concentrations were 
approximately equal for both exposed groups but effects were more frequent 
in the groups exposed to the higher level of carbon disulfide.
Petrov [61] analyzed pregnancy data for 380 women employed in the 
viscose Industry to determine the effects of carbon disulfide on pregnancy. 
The exposed group included 189 women who, before and during pregnancy, were 
exposed to carbon disulfide at concentrations reported to be 2.7 times the 
Soviet permissible limit of 10 mg/cu m (3 ppm) . These women worked in the 
viscose-spinning shops. The group of 191 controls had not been exposed to 
carbon disulfide but had worked under similar conditions in the same 
factory. The women in the control group were somewhat younger than the 
exposed women; 63% of the exposed women were between 20 and 30 years old, 
versus 84.8% of the controls. Exposed women had worked slightly longer 
than controls; 91.0% of exposed women had worked longer than 3 years versus 
84.8% of the controls. Of the exposed women, 62.8% were primiparous (ie, 
had had one pregnancy), versus 65% for controls. Several pregnancy 
complications were recorded, and comparisons were made between exposed and 
control women. The rate of threatened pregnancy terminations in the 
exposed group was 25.9/100 pregnant women versus 13.1/100 pregnant women in 
the controls (P<0.05). The difference was still significant after 
adjustment for the differences In age and job longevity. Threatened 
pregnancy terminations occurred more frequently in the exposed women than 
in the controls, 12.5% versus 9.4% in the 20- to 24-year-old age group and 
35.4% versus 13.6% in the 25- to 29-year-old age group. Spontaneous
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abortions occurred in 14.3% of the exposed women and 6.8% of the controls 
(P<0.05). Differences were still significant after age and job-longevity 
adjustment. A correlation coefficient did not indicate any dependence of 
the rates of spontaneous abortion on length of exposure. The correlation 
coefficient for threatened miscarriage and length of exposure was also not 
significant. Significantly more exposed women gave birth prematurely than 
did controls (8.6% versus 2.8%). Petrov [61] concluded that elevated 
carbon disulfide concentrations decreased the probability of bringing a 
pregnancy to term. The findings of this report may be Important Indicators 
of carbon disulfide toxicity, especially in consideration of the low 
concentrations of carbon disulfide reported (approximately 27 mg/cu m or 9 
ppm) if these concentrations are representative of actual workplace 
exposures.
Bezvershenko [62], in 1965, reported on the influence of occupational 
exposure to carbon disulfide on menstrual and reproductive function in 206 
female viscose production workers. The viscose production workers were 
predominantly 25-38 years old, and over 50% had more than 10 years of 
service in the industry. Workplace concentrations of carbon disulfide and 
hydrogen sulfide were not given. No data on the occupations, age, or 
length of employment of the 60 control subjects were given. Examinations 
revealed that 22.3% of the women in the experimental group and 8.3% of the 
controls had various ovarian and menstrual cycle disorders arising during 
employment which were not attributable to other conditions or diseases. He 
found dysmenorrhea in 7.3% of the exposed women and 1.6% of the controls, 
irregular menstruation in 6.8% of exposed women and 3.3% of controls, and 
delayed menstruation in 9.2% of exposed workers and 3.3% of controls.
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Oligomenorrhea and ocher menstrual difficulties occurred more frequently in 
exposed women than in controls. Spontaneous abortions were reported to 
have occurred in 8.7% of the exposed women and 3.3% of controls. Long-term 
inability to conceive was reported in 13.6% of the exposed women and in 5% 
of the controls. Bezvershenko [62] reported that these disorders occurred 
predominantly in workers in the spinning shops and specifically in those 
workers with many years of service. Urine-excreted estrogens were measured 
in 19 hospitalized subjects. Seventeen showed elevated quantities of 
estrogens, with a range of 377.5-940.7 Mg* the normal range was considered 
to be 50-300 ¿tg. Vaginal smears also indicated disorders of ovarian 
function. Because there are inadequate data on experimental procedures, 
exposure concentrations, and the constitution of the control group and no 
statistical analyses of the data, this report can be considered to be only 
a qualitative description of menstrual and reproductive dysfunction In 
female viscose production workers.
(c) Neurologic Effects
Hanninen [63] studied workers from a viscose rayon factory for 
possible psychological and behavioral disorders. Three 50-man groups were 
designated: carbon disulfide-intoxicated workers, workers exposed to
carbon disulfide for at least 5 years but without clinical symptoms, and 
unexposed workers. The average monthly carbon disulfide concentrations 
recorded in the contaminated areas of the factory were 30-90 mg/cu m (10-29 
ppm) in the 1960's, with higher levels earlier. Of the 50 carbon 
disulfide-intoxicated workers (determined on the basis of clinical, 
neurologic, otoneurologic, and neuroophthalmlc examinations), 33 were still 
working in the factory. All men in the exposed but nonintoxicated group
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considered themselves healthy and reported only mild and transient 
symptoms, eg, headache, insomnia, pain in the limbs. Four men in the 
control group had had temporary symptoms of carbon disulfide poisoning in 
the past during "casual work in contaminated areas." Significant 
differences between the intoxicated and control groups were observed in 
performance on tests involving speed, vigilance, manual dexterity, and 
intelligence. On psychomotor and visual performance tests, test scores of 
nonintoxicated workers were closer to those of the intoxicated group than 
to those of the controls. The author [63] considered this Important 
because it Indicated that carbon disulfide exposure had affected workers 
who showed no clinical symptoms. Some of the typical signs and symptoms of 
the exposed workers were poor visual performance, impaired dexterity, and 
disturbances in manual coordination and psychomotor behavior.
Tuttle et al [64], under contract to NIOSH, examined a group of US 
viscose rayon workers for possible behavioral and neurologic disorders. 
Motivated largely by the work of Hanninen [63], Tuttle et al [64] selected 
a test battery to screen viscose rayon workers. Psychologists and project 
staff with experience in behavioral toxicology recommended the tests to be 
administered. Among the variables measured were fatigability, memory, 
perception, attention, concentration, visual and neurologic performance, 
manual dexterity, reaction time, and color vision. Participants were 
recruited from a viscose rayon plant by local union representatives with 
guidance from the researchers. Workers currently in jobs with daily 
exposure to carbon disulfide were selected first, followed by those who had 
recently left daily-exposure jobs. Because management cooperation was not 
obtained in this study, the researchers were not able to monitor for carbon
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disulfide in the workplace. However, a 1973 NTOSH Health Hazard Evaluation 
and Determination Report [9] conducted at the same plant found TWA 
concentrations ranging from 4.3 to 129 ppm (13.3 to 400 mg/cu m), with 
peaks of more 2,000 ppm (6,200 mg/cu m). This report is discussed in 
detail in Chapter IV.
The control group in the study by Tuttle et al [64] consisted of 
rayon factory workers who had not been exposed to carbon disulfide. 
However, because the desired sample sizes (100 exposed and 50 control 
workers) could not be obtained exclusively from rayon-plant union 
personnel, subjects from a local carpenters' union (2 exposed and 14 
unexposed) and from the viscose rayon plant management (23 exposed and 6 
unexposed) were added to the 89 exposed and 5 unexposed members of the 
viscose rayon union. A total of 114 exposed workers and 25 unexposed 
workers (In addition to 2 workers who had uncertain exposure histories) 
were selected for study. The exposed subjects had a mean age of 
approximately 40 years. The mean years of exposure for the exposed group 
was 8.4; the standard deviation, however, was greater than the mean. Work 
histories, iodlne-azlde urinalyses, neurologic, and behavioral test data 
were collected for each pubj ect. Polyneuropathy was Indicated in 12 
subjects, using a Total Neurologic Score based on physical examination and 
electrodiagnostic testing. To determine the relationship of carbon 
disulfide exposure to medical and neurologic findings, correlation analyses 
were performed. Product-moment coefficients were calculated from exposure 
indices and neurologic variables, as were partial coefficients (holding the 
effect of age constant). Statistically significant positive correlations 
were found for the electrodiagnostic scores and total neurologic scores,
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and significant negative coefficients were calculated for nerve conduction 
velocities. However, the partial coefficients showed smaller correlation 
values, only one being significant. A significant positive correlation was 
found between postshift iodine-azide exposure coefficients and neurologic 
rating scores. Neither signs, symptoms, nor electrodiagnostic scores 
significantly correlated with preshift or postshift iodine-azide values.
Tuttle et al [64] found significance in nearly all the correlation 
coefficients of exposure versus behavioral test scores. the partial 
coefficients (again holding the effects of age constant) demonstrated that 
exposure indices correlated positively with the degree of behavioral 
impairment, as measured by the psychological tests. There were also 
several statistically significant relationships between behavioral test 
scores and neurologic variables. When age was held constant, the partial 
correlations were smaller, and fewer were significant.
The authors [64] attempted to replicate the findings reported by 
Hanninen [63] in 1971. Tuttle et al [64] analyzed differences in several 
variables in four groups classified on the basis of neurologic 
examinations. Group 1 consisted of those with evidence of abnormalities, 
group 2 had possible abnormalities, group 3 had been exposed but had no 
signs of abnormality, and group 4 was composed of workers who were 
unexposed and without abnormalities. Simple comparison of descriptive 
variables revealed that group 1 workers were approximately 20 years older 
than those in the other groups. Blood pressure and years of exposure were 
also higher in group 1 workers. Analysis of variance was performed on test 
scores for the four groups. Many differences were found among the four 
groups, and several significant differences were found when group 1 scores
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were compared with those of groups 3 and 4 (the "control" group). No 
significant differences were found between group 2 and group 3 and group 4. 
Analyses of covariance, using age as the covariate, revealed that although 
age was a factor in creating group differences, most tests still showed 
significant differences among the four groups.
Tuttle et al [64] concluded that exposure to carbon disulfide was 
significantly related to both indices of neurologic health and to 
behavioral test scores. There were also significant relationships between 
behavioral test scores and indices of neurologic health. These results
indicate that the use of behavioral tests to detect preclinical signs of
carbon disulfide poisoning may be of value.
Seppalalnen et al [55], In 1972, reported on the examination of 36 
male viscose rayon workers, diagnosed as chronically poisoned by carbon 
disulfide, for indications of clinical, neurophysiologic, and psychologic 
abnormalities. The workers were diagnosed as poisoned on the basis of
examinations by a clinician, a neurologist, and a psychologist. The mean 
age of the group at the onset of intoxication was 36 years; the mean age at 
the time of this study was 42 years (patients over 60 were not included in 
the study). The control group consisted of 188 papermill workers not 
exposed to carbon disulfide. The concentrations at which the viscose rayon 
workers were exposed were 10-30 ppm (31-93 mg/cu m) in the 1960's, 20-40
ppm (62-124 mg/cu m) in the 1950's, and higher than 40 ppm (124 mg/cu m) 
prior to 1950. The most significant differences between the poisoned and
control groups were the prevalence of general fatigue, Insomnia, 
paresthesia, and headaches in the exposed workers (P<0.001 for all four 
symptoms). Psychologic testing revealed mild intellectual impairment,
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reduction of sensorimotor speed, and impaired psychomotor ability. The 
psychologic disturbances were said to correlate well with duration of 
exposure, ie, patients with shorter carbon disulfide histories generally 
had milder disturbances.
Seppalainen et al [55] found sensory, motor, or sensorimotor effects 
in 26 of the patients. One-third of the patients had cranial nerve lesions 
(eight with acoustic disorders, six with trigeminal sensory neuropathy, 
five with facial weakness, and one with a bilateral olfactory lesion). 
Extrapyramidal disorders occurred in 14 patients. Muscular weakness was 
found in 6 patients, muscular "wasting" in 12, and myastheniform symptoms 
in 6. The 36 patients were divided into 3 categories according to the
length of time elapsed since diagnosis of poisoning. Workers in Group A 
had been diagnosed 0.5-2 years previously; those in Group B, 3-10 years 
previously; and those in Group C, more than 10 years previously. Of the 
nine chronically poisoned men in Group A, two had normal conduction 
velocities (CV's), and two others had normal electromyograms (EMG's). In 
Group B, 11 of 17 patients had normal CV's, and 4 had normal EMG's. Among 
the 10 patients who had stopped working with carbon disulfide more than 10 
years previously, 4 had normal CV's, and only 1 had a normal EMG. The 
limits of normality were drawn from test results of 120 "normal" adults 
(20-60 years old). The most frequent EMG abnormality was a decreased 
number of motor units in maximal contraction. This was generally 
associated with neurogenic muscular weakness. The authors [55] concluded 
that these tests demonstrated that carbon disulfide poisoning caused 
disturbances in both the peripheral and central nervous systems. They 
suggested that diminished CV's indicated polyneuropathy, EMG abnormalities
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generally indicated damage at the spinal cord level, and myasthenic 
fatigability indicated a disturbance at the myoneural junction. However, 
it was emphasized that only 36 men were included in the study. Moreover, 
significance tests were applied only to the clinical observations; 
therefore, the other results must be regarded as descriptive. Finally, 
these results must be considered to be exaggerated evidence of the effects 
of occupational exposure to carbon disulfide because the subjects were 
included in this study on the basis of their diagnosis as chronically 
poisoned.
Seppalainen and Tolonen [56], in 1974, compared 118 male viscose 
rayon workers, drawn from the same group studied by Hernberg et al [8], who 
had been exposed for a mean of 15 years with 100 papermill workers 
(controls) for possible neurophysiologic differences. No subjects, either 
exposed workers or controls, were eliminated from the study on the basis of 
present or past histories of neuropathy, as carbon disulfide-induced 
neuropathy was indiscernible from that from other causes. The greatest 
difference between exposed and control workers was found in the conduction 
velocities of the slower motor fibers in the ulnar nerve (39.8 versus 44.1 
m/second, P<0.0005) and the deep peroneal nerve (35.5 versus 38.2 m/second, 
P<0.0005). Significant differences from normal were also found in the 
maximum motor conduction velocities (MCV) of the posterior tibial nerve 
(40.5 versus 42.4 m/second, P<0.005) and deep peroneal nerve (45.9 versus 
47.3 m/second, P<0.0025). A conduction velocity was determined for each 
nerve tested such that 5% of the controls showed a CV below this value; 
each subject was then assigned a total CV score by counting one point for 
each nerve whose CV was below the limit for that nerve. The distribution
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of scores showed significantly slower conduction velocities In exposed 
workers. The authors regarded lower CV scores as an Indication of 
Increased polyneuropathy. The exposed group also had a larger number of 
abnormal EEG's (21 of 54) than did the controls (6 of 50); this difference 
was significant at the 1% level. Because the cessation of exposure to 
carbon disulfide did not change the decreased CV's, the authors [56] 
concluded that the observed subcllnlcal polyneuropathy may have been 
Irreversible. These findings, while statistically significant, do not 
clearly Indicate that carbon disulfide Is the causative factor. The role 
of hydrogen sulfide, which was measured In combination with carbon 
disulfide, has not been clearly differentiated.
Vasilescu [57] measured peripheral nerve conduction velocity (CV) and 
muscular contraction potential (measured by EMG) in workers suspected of 
having polyneuritis from carbon disulfide exposure. Sixty synthetic-fiber 
factory workers who had been exposed to carbon disulfide at concentrations 
of approximately 15 mg/cu m (5 ppm), with peaks occasionally as high as 700 
mg/cu m (225 ppm), were examined. Conduction velocities were measured in 
the median, cubital, and peroneal nerves. Only patients whose CV's were 
lower than those of the 30 controls were selected for this study.
Electromyographic measurements of anterior tlblal muscle potentials and of
finger flexor potentials, both at rest and at maximal contraction, showed 
significant alterations. The patients studied were divided into two
groups, depending on the number and severity of clinical signs of carbon
disulfide poisoning. Group I patients had both subjective and objective 
indications of sensorimotor polyneuritis. The predominant subjective 
symptoms were asthenia, insomnia, psychic depression, and fatigability
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while walking; some objective signs were muscular power diminution, 
"stocking" or "glove" hypoesthesia, and partial or total loss of knee and 
ankle reflexes. Group II consisted of patients showing only subjective 
symptoms of disease, primarily lower-limb paresthesia and diminution of 
muscular power of distal limb muscles.
The author [57] reported that patients of Group I showed considerable 
slowing of CV's, ankle reflex diminution and abolition, and amyotrophy; 
they continued to exhibit these symptoms even 1 year after the last 
exposure to carbon disulfide. In contrast, Group II patients recovered 
quickly from their reported symptoms. The authors concluded that incipient 
toxic neuropathy was rapidly reversible, while more serious lesions had 
poorer prognoses. Neural alterations were first apparent in EMG analysis, 
and then were reflected by slowing of muscular conduction velocity; hence, 
EMG's appear to be useful in the diagnosis of early, and probably 
reversible, symptoms of carbon disulfide neuropathy. The author may have 
found abnormal alterations in his tests because of the selection of 
subjects with abnormal CV's.
(d) Effects on the Eyes
fcaitta et al [65], in 1974, used neuroophthalmic examinations to 
study the effects of chronic exposure to carbon disulfide in 100 male 
viscose rayon workers and 97 male controls. The viscose rayon workers who 
were part of a previous study [8], had been exposed to carbon disulfide 
plus hydrogen sulfide at combined concentrations of 10-30 ppm since 1960, 
20-40 ppm between 1950 and 1960, and higher than 40 ppm before 1950. 
Carbon disulfide and hydrogen sulfide had been present in a ratio of 
approximately 10:1. The mean length of exposure was 15 years; however, 50
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of the 100 exposed subjects had been removed from carbon disulfide exposure 
for reasons of health, transfer, or retirement. For these 50 men, the mean 
length of absence from exposure was 6 years. The authors reported that 68 
of 100 exposed workers and 38 of 97 controls showed delayed peripapillary 
filling of the choroid (P<0.01). The widths of eight arterioles and of the 
narrowest vein were found to be significantly greater in the exposed group 
than in the controls (P<0.01 and P<0.01, respectively). These conditions 
were thought to have been caused by hemodynamic changes which led to slowed 
circulation in chronically exposed workers. No evidence indicating a 
causal role of carbon disulfide in the development of retinopathy (ie, high 
frequency of retinal microaneurysm) was found.
Raitta and Tolonen [66], in 1975, performed oculosphygmography (0SG) 
and electrocardiography (ECG) simultaneously on 38 male viscose rayon 
workers exposed to carbon disulfide and 40 nonexposed male papermill 
workers. The subjects and controls had been found normal in an earlier 
study [65] when examined for refraction, intraocular pressure, scleral 
rigidity, and cardiac arrhythmia. The mean age of the exposed group was 51 
years, and that of the controls was 49 years. Eighteen of the exposed 
workers, who had an average of 19 years1 exposure, were no longer exposed 
to carbon disulfide. The controls had been working In the papermill for an 
average of 4 years. OSG's and ECG^ were performed, and intraocular 
pressures, blood pressures, and pulse rates were measured. No differences 
were found between the exposed and control groups in these measurements. 
The authors [66], using ocular wave and ECG Information, developed evidence 
that the ocular vascular beds of viscose rayon workers were more rigid than 
those of the controls. Those of workers no longer exposed to carbon
69
disulfide were even more rigid than the vascular beds of currently exposed 
workers. Drawing on the results of an earlier study [65] in which the 
microcirculation of the eye was found to be affected early in chronic 
carbon disulfide intoxication, Raitta and Tolonen [66] concluded that OSG 
and ECG should both be used as aids in detecting ocular effects 
attributable to exposure to carbon disulfide.
Szymankowa [67] examined 500 synthetic-fiber workers who had been 
exposed to carbon disulfide at concentrations reportedly not exceeding 0.01 
mg/llter (3 ppm); concentrations of hydrogen sulfide were not reported. 
The workers were 18-60 years old and had been exposed for periods of 0.5-30 
years. Workers exposed for short periods of time (usually less than 5 
years) generally had mild visual disturbances such as conjunctival 
inflammations, temporary corneal opacities, and disturbed color-vision. 
Prolonged exposure to carbon disulfide was reported to have caused 
irreversible vascular effects and inflammatory degenerative changes in the 
retina. In terms of "visual aging" (eg, farsightedness, double vision, 
accommodation disorders), a chi-square test on 75 carbon disulfide-exposed 
workers versus 75 controls (plant administrative workers), using the 
author's data, shows a highly significant increased prevalence of these 
symptoms in the exposed group (P<0.001). The evidence presented by the 
author showed a variety of ophthalmic disorders from exposure to carbon 
disulfide at levels below 3 ppm. However, the lack of a control group to 
show significance of all findings (rather than just of "visual aging") and 
the imprecise reporting of carbon disulfide air concentrations and methods 
of sampling and analysis leave doubts about the validity of the findings.
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Maugeri et al [68] measured ophthalmic pressure in 107 viscose rayon 
workers and 16 unexposed controls. Of the viscose rayon workers, 28 were 
disabled due to carbon disulfide poisoning, 41 had been exposed for up to 5 
years, and 38 had been exposed for up to 10 years. The workers were young; 
the mean ages were 36 years for the disabled workers, 31 years for workers 
exposed less than 5 years, 33 years for those exposed 5 years or more, and 
31 years for controls. The subjects were homogeneous with respect to
birthplace and to living and eating habits. The workplace carbon disulfide 
concentrations were generally between 200 and 500 mg/cu m (64-161 ppm),
with occasional peaks to 900 mg/cu m (289 ppm).
Each subject was given a complete medical examination, with emphasis 
on visual function. Workers with abnormally high Intraocular pressure were 
excluded from the study. Ophthalmodynamography was then performed on the
left eye, and arterial blood pressure was measured in the left arm of each
subject.
The authors [68] found that mean systolic and diastolic ophthalmic 
pressures were significantly higher in the exposed and disabled groups than 
in the controls. Systemic systolic pressures were approximately 138 mmHg 
for currently exposed workers and 137 mmHg for the disabled workers versus 
115 mmHg for controls (P<0.001 for both groups). Diastolic pressures were 
approximately 110 mmHg for currently exposed workers and 113 mmHg for
disabled workers versus 87 mmHg for controls (P<0.001 for both groups). 
The humoral/ophthalmic pressure ratio was also studied. It is assumed that 
humoral pressure refers to brachial blood pressure. In the control group, 
the humoral/ophthalmic systolic ratio was 1.03, while for the currently
exposed group it was 0.89 and for the disabled workers, 0.87. For both
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disabled versus controls and exposed versus controls, the differences were 
significant (P<0.001 in both cases). The humoral/ophthalmic ratios for 
diastolic pressures were also both significant at P<0.001, with values of 
0.92 for the controls, 0.73 for currently exposed workers, and 0.71 for 
disabled workers. The authors [68] stated that low ratios, ie, below those 
of controls, indicated the existence of carbon disulfide-induced vascular 
damage of the eye. There were no significant differences in humoral 
systolic or diastolic blood pressures, although the exposed and disabled 
groups had slightly higher values than the controls. The authors found 
that although removal from exposure led to normal humoral blood pressure 
readings for the workers, the pressure within the ophthalmic artery did not 
return to normal.
Maugeri et al [68] concluded that peripheral circulatory disturbances 
caused by carbon disulfide exposure were reversible, while cerebral 
circulatory disturbances were not. The use of ophthalmodynamography was 
suggested as a diagnostic test for early signs of carbon disulfide-induced 
cerebral involvement.
Savic [69] examined 185 viscose workers, most of whom had worked 5-6 
years and were between 25 and 35 years old. Of these, 115 worked in the 
cellulose-fiber operation and had been exposed to carbon disulfide at 
concentrations of approximately 300 mg/cu m (96 ppm), with peaks 
occasionally reaching 1,000 mg/cu m (321 ppm). The 70 viscose rayon 
production workers had been exposed at average concentrations always over 
62 mg/cu m (20 ppm) with maximum levels of 176 mg/cu m (56 ppm). "Eye 
burning" was a complaint of 43.5% of the cellulose-fiber workers and 95.7% 
of the viscose rayon production workers. Photophobia, "seeing of colors,"
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dim vision, and weak night vision were reported by some workers in this 
group. The authors noted that these effects may have been caused by local 
irritation of the eyes by hydrogen sulfide, sulfuric acid, and other
irritant gases and vapors, as well as by carbon disulfide. Pupillary light
reaction was slow, subnormal, and sometimes unequal in 13.9% of the
cellulose-fiber workers and in 7.1% of the viscose rayon workers. No 
differences between the exposed group and a control group of workers of 
similar age were found on examination of the fundus, of color vision, and 
of retinal arterial pressure. Methods of examination, criteria for 
diagnoses, and the selection and use of a control group were not clearly 
described.
In 1967, Goto and Hotta [70] studied the effects of long-term 
exposure to carbon disulfide on 1,032 workers from 19 Japanese viscose
rayon plants, including 270 unexposed controls. The carbon disulfide 
concentrations to which the workers were exposed were not reported. The 
average length of employment for the entire group was between 14 and 15 
years. There were no significant differences in age distribution between 
the controls and carbon disulfide-exposed workers, nor were there any major 
differences in nutritional or environmental conditions. The workers were 
examined for a multitude of symptoms and conditions. Urinalyses, blood 
tests, ECG's, ophthalmoscopy and fundus photography, and neurofunction 
tests were performed, and the workers were questioned to determine personal 
history and subjective symptoms.
On the basis of phenolsulfonphthaleln and sodium thiosulfate 
excretion tests, it was found that impairment of kidney function increased 
with prolongation of exposure to carbon disulfide [70]. Signs of
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nephropathy were present in 2.5% of the controls, 3% of the group exposed 
for less than 10 years, and 9.6% of those with more than 10 years of 
exposure. No marked differences in blood pressure were noted. The most
noteworthy finding by the authors [70] was the greater incidence of retinal 
microaneurysm in the carbon disulfide-exposed workers. Fundus photography 
identified 60 cases in 757 exposed workers and 4 in 269 controls (7.9%
versus 1.5%; P<0.001). Direct ophthalmoscopic tests revealed 44 cases in 
338 exposed workers and only 1 in 121 controls (13.0% versus 0.8%; 
P<0.001). The authors [70] suggested that there was a trend toward
Increased numbers of microaneurysms with longer exposures. None of the 41 
workers exposed to carbon disulfide for less than 6 years had
microaneurysms; however, 7 of 99 (7%) with 6-10 years' exposure, 30 of 219 
(14%) with 10-15 years' exposure, and 14 of 118 (12%) with over 15 years' 
exposure had evidence of retinal microaneurysms. No significant 
differences were found between the exposed group and the controls in the 
concentrations in blood of lipoproteins or cholesterol.
Goto et al [71], in 1971, studied retinal microangiopathy by
examining a cohort of 214 viscose rayon workers and 45 controls not exposed 
to carbon disulfide. The authors followed this cohort in subsequent 
studies. All subjects were men, and the mean ages of the exposed and
control groups were similar (32.3 and 33.2 years, respectively). The mean 
exposure duration of the workers exposed to carbon disulfide was 14.1
years. Prednisolone-augmented glucose tolerance tests (GTT's) were
performed on all subjects, their blood being sampled at 1 and 2 hours after 
glucose ingestion. Although the fasting blood glucose levels of the 
exposed workers and the controls were very similar, the mean blood glucose
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levels of exposed workers at the 1- and 2-hour determinations were 
significantly higher than those of the controls. The glucose tolerance was 
found to decrease with longer exposure to carbon disulfide. In the 1-hour 
prednisolone-GTT, glucose levels were significantly higher in workers 
exposed to carbon disulfide for 20 years or more than in those exposed for 
less than 9 years (P<0.01). Blood glucose levels 2 hours after glucose 
ingestion were also significantly higher in the groups exposed for 10- to 
19-years and for 20 or more years than in the group exposed for less than 
10 years (P<0.05). Also, there were significant differences between age 
groups within the exposed cohort and between age groups of exposed workers 
versus controls. The blood glucose levels were higher in older exposed 
workers than in younger ones, and exposed workers of age groups 30-39 and 
40-49 had higher levels than their corresponding controls.
Goto and associates [71] also performed fundus angiography on 195 
exposed workers and 39 controls. Retinal microaneurysms were present in 
55.9% of the exposed group and in 15.4% of the controls. The duration of 
exposure significantly influenced the prevalence of microaneurysms. Of 
workers with less than 10 years of exposure, 21.2% had microaneurysms, 
compared with 61.3% of those with 10-19 years of exposure and 75% of those 
with more than 20 years of exposure. No microaneurysms were found in 
workers exposed for less than 5 years. Prevalence differed significantly 
between the less-than-10-year and the 10- to 19-year exposure groups 
(P<0.01). There was also a significant difference between the group with 
less than 10 years' exposure and that exposed for 20 or more years 
(P<0.01).
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The microaneurysms were graded by severity according to the following 
criteria: Grade I— fluorescein anglograph with one or two microaneurysms
on venular side of the capillary bed; Grade II— fluorescein anglograph with 
several microaneurysms not only on the venular side, but also on the 
terminal arteriolar side of the capillary bed; and Grade III— fluorescein 
anglograph with numerous microaneuryms of various diameters anywhere in the 
capillary bed, sometimes complicated with soft exudation or dot 
hemorrhages. In the exposed cohort, 21.5% had microaneurysms of Grade I, 
23.5% of Grade II, and 10.8% of Grade III. In the control group, 12.8% had 
Grade I, 2.6% had Grade II, and none had Grade III. There were no Grade 
III microaneurysms in workers with less than 10 years' exposure. Mean 
blood sugar levels during prednisolone-GTT's in carbon disulfide workers 
with Grade III microaneurysms were significantly higher than in controls at 
the 1- and 2-hour determinations (P<0.05 and P<0.01, respectively). The 
authors [71] hypothesized that carbon disulfide caused a carbohydrate 
metabolic defect leading to higher blood sugar levels, which paralleled the 
development of retinal microaneurysms. Further, they suggested that 
factors responsible for inducing microvascular changes in diabetes mellitus 
may also cause retinal microaneurysms in carbon disulfide workers, although 
they did not elaborate. The data presented do not establish conclusively 
that the altered metabolism of glucose and the production of retinal 
microaneurysms are related. Carbon disulfide exposure concentrations were 
not reported.
Goto et al [72], in 1972, studied retinal microaneurysms In carbon 
disulfide-exposed Yugoslavian viscose rayon workers. By using fluorescein 
angiography of the fundus of the eye, the researchers again found a greater
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frequency of microaneurysms in exposed workers than in controls: 30 of 103
(29.1%) versus 1 of 9 (11.1%). The frequency of microaneurysms increased 
with duration of exposure. Two of 20 workers (10%) exposed less than 5 
years had microaneurysms, as did 5 of 18 workers (27.8%) exposed for 5-8 
years, and 23 of 65 (35.4%) exposed for 9-13 years. Five cases of Grade 
III microaneurysms were found, all in workers with 9 or more years of 
exposure. Four of these cases were in cellulose-fiber department workers 
and the other in a spinning department worker. The exposure level was 
believed to have been higher for the cellulose-fiber workers; however, 
exposure concentrations were not reported. No significant differences 
between the exposed and control groups were found in the prednisolone- 
augmented GTT's or in blood pressure levels. The authors [72] stated that 
retinal microaneurysm was a main sign in early chronic carbon disulfide 
intoxication. Also, because these aneurysms were very similar to those 
seen in early stages of diabetes mellitus and glomerulosclerosis, it was 
thought that disturbances of carbohydrate metabolism might be involved in 
carbon disulfide poisoning.
Hotta et al [73] studied the retinal effects of carbon disulfide 
exposure in 289 exposed workers and 49 unexposed controls in a Japanese 
viscose rayon plant in 1972. All employees selected were men who resided 
in the same rural district, had no family history of diabetes, and had no 
known exposure to other organic solvents. The exposed workers were" grouped 
by level of exposure. The high-exposure group was composed of 124 men who 
had worked in the spinning or desulfurizing departments or both, and the 
low-exposure group consisted of 127 men who had worked only in the 
xanthation, solution, or ripening departments. The remaining 38 exposed
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workers had spent time in both high- and low-exposure departments. No 
exposure concentrations were reported. The mean ages of the exposed and 
control groups did not differ markedly (42.1 versus 43.3 years). Workers 
in the high-exposure group had a mean age of 41.4 years and a mean length 
of exposure of 9.2 years, while workers in the low-exposure group had a 
mean age of 42.6 years and a mean length of exposure of 11.9 years. Direct 
ophthalmoscopy was performed on both eyes of each subject. Abnormal 
findings were then photographed in color with a funduscope. The 
funduscopic findings were categorized into stages of Increasing pathology: 
Stage 0— no abnormal changes in ocular fundus; Stage I— one or two retinal 
capillary microaneurysms in the macular region; Stage II— several retinal 
capillary microaneurysms, a few dot or blot retinal hemorrhages, and a few 
hard retinal exudates in the ocular fundus; Stage III— numerous retinal 
capillary microaneurysms, several dot or blot retinal hemorrhages, and a 
few hard or soft retinal exudates in the ocular fundus.
The authors [73] found that 30.8% of the 289 exposed workers showed 
signs of retinopathy (Stage I, II, or III), while only 4.1% of the 49
controls showed retinopathic symptoms (P<0.001). Retinopathy was found in
11.3% of the 53 workers exposed for less than 5 years, in 18% of the 86
workers exposed for 5-10 years, in 35.4% of the 79 workers exposed for 10- 
15 years, and in 54.9% of the 71 workers exposed for more than 15 years. 
Retinopathy was found in 34.6% of the high-level exposure group and 22.8% 
of the low-exposure group. The frequency of occurrence of retinopathy in 
both groups increased with exposure time. The development of retinopathy 
and its relationship to exposure were studied by examining the prevalence 
rates of the four stages. In the exposed group, prevalence rates were
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lower In higher stage retinopathy. Retinopathy of Stages II and III was 
not present in controls, but only in workers exposed for more than 5 years. 
More serious conditions (ie, retinopathlc conditions beyond Stage III) were 
not seen in this study. The authors [73] suggested that this was because
of the factory's compulsory retirement age, which would tend to exclude
workers with extremely long exposure times. The methods of selection of 
the subjects and controls were not described in detail. However, assuming 
that the factory workers were chosen without regard to existing 
retinopathlc conditions, the results are suggestive of a role of carbon 
disulfide in the development of retinopathy.
(e) Other Effects
Tolonen [74], in 1974, examined 97 male viscose rayon workers and 96 
male controls for subcllnical symptoms of carbon disulfide poisoning. 
Using the subjects and controls who had participated in previous 
epidemiologic studies [8,43,44], Tolonen [74] attempted to identify 
occupationally poisoned workers based on combinations of signs from 
cardiovascular, neurophyslologic, ophthalmic, and behavioral examinations. 
Subjects were classified as having coronary heart disease if they met one 
or more of the following criteria: (1) verified clinical myocardial
Infarction, (2) reported myocardial Infarction, (3) typical angina, or
(4) one or more of the six Minnesota EC6 codes. Ophthalmic disturbances 
were determined by the presence or absence of delayed peripapillary 
filling, as determined by fluorescein angiography. Polyneuropathy was 
considered present when reduced CV's were found in two to eight peripheral 
nerves. Behavioral disorders were considered to exist when the subjects 
scored poorly on at least two of the psychologic and behavioral tests
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administered, which were described by Hanninen [63].
Tolonen [74] found that the relative risks of exposed subjects versus 
controls ranged from 1.5 to 2.1 for the four categories of disorders. For 
coronary heart disease, 29 exposed workers were affected versus 19 controls 
(the difference was not statistically significant, P*0.14); for 
polyneuropathy, 49 versus 23 (P<0.01); for disturbed ocular
microcirculation, 67 versus 38 (P<0.01); and for behavioral deterioration, 
39 versus 24 (P<0.05). Five exposed workers and 31 controls were free of 
any disease, while 6 exposed workers and no controls had disorders of all 
four categories. The results did not indicate any single symptom which 
could be shown conclusively to be a subclinical manifestation of chronic 
carbon disulfide poisoning. However, the syndromes (combinations of 
symptoms) with excess prevalence over controls all included disturbed 
ocular microcirculation combined with either polyneuropathy, behavioral 
deterioration, or both. For a particular disorder or syndrome, the 
probability that the condition was of occupational origin was expressed as 
its excess occurrence in exposed workers compared with that in controls 
over its total occurrence in the two groups. Accordingly, the probability 
that the syndrome that included all four disorders was occupational in 
origin was 100%, as was the syndrome consisting of cardiac, ocular, and 
polyneuropathic symptoms (6 versus 0 for both conditions). The author 
concluded that delayed peripapillary filling was the first indication of 
chronic carbon disulfide poisoning, followed by polyneuropathy or 
behavioral deterioration, and finally by coronary heart disease. The 
sensitive methods used to detect disorders left but a small percentage of 
subjects symptomless (5% of exposed and 32% of controls). This apparently
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low degree of specificity (large number of false positives) makes the 
Individual tests used by Tolonen relatively nondiscriminatory of carbon 
disulfide intoxication. Conversely, some syndromes occur more frequently 
with occupational exposure. While this report is of value in attempting to 
find 8ubclinical signs of carbon disulfide, further work is needed if the 
tests are to be specific and sensitive enough to screen workers for 
possible poisoning.
Gondzik et al [10] examined 350 artificial-flber plant workers to 
determine if there were changes in the oral cavity associated with exposure 
to carbon disulfide. The workers had been exposed to carbon disulfide at 
concentrations of 0.02-0.065 mg/liter (6-21 ppm) and to hydrogen sulfide at 
0.002-0.006 mg/liter (1-4 ppm) during the preceding 6 years. A control 
group of 100 employees from a furniture factory in which there was no 
exposure to harmful chemical compounds was also studied. The subjects in 
each group were classified by length of employment. No significant group 
differences in the prevalence of dental caries were found. The group 
exposed to carbon disulfide for less than 5 years had significantly lower 
pH values for both the mucous membrane and the saliva than did the controls 
(5.28 versus 6.09 and 5.30 versus 6.29, respectively). Workers exposed for 
longer periods did not show this difference. Based on an index of 
periodontic disturbances, the authors [10] observed that the frequency of 
pathologic changes in the periodontium of the exposed workers was 
significantly higher than that of the controls. The intensity of these 
changes increased with length of exposure, although the levels of 
significance did not. The relationship between the observed effects and 
actual harm to workers was not discussed, and the reliability and validity
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of the methods used in detecting these abnormalities were not described.
Kashin [75] studied the effects of carbon disulfide on immunobiologic 
reactivity and temporary disability in 630 exposed synthetic-fiber factory 
workers. In the exposed group, 391 workers had been exposed to carbon 
disulfide at reported concentrations of 30-50 mg/cu m (10-16 ppm), and 239 
had been exposed at levels below 10 mg/cu m (3 ppm) . The ages of the two 
exposed groups and the control group of 334 unexposed workers were similar 
(approximately 90% of each group were less than 40 years old). There were 
equal numbers of men and women in the two exposed groups; however, 87% of 
the workers in the control group were women. Immunobiologic reactivity was 
measured by the Joffe test [76]. This test consists of intradermal 
injection of a small dose of serum from rabbits immunized to human protein, 
with grading of the local reaction by diameter and deepness of color of the 
flare. Negative reaction to the test (ie, reduced immunologic reactivity) 
was found in 33.2% of the highly exposed group, 25.5% of the moderately 
exposed group, and 11.4% of the controls [75]. The differences between the 
two exposed groups and the controls were reported to be significant, 
although the statistical methods used were not clear. The authors reported 
a trend toward decreasing reactivity with longer exposure in the highly 
exposed group. This trend also was found in the moderately exposed group, 
although it was not evident in those exposed less than 3-4 years. 
Morbidity involving temporary loss of working capacity was significantly 
higher in the highly exposed group than in the controls and was also higher 
in the moderately exposed group, although not significantly. Morbidity was 
also found to be higher in workers who showed decreased immunologic 
reactivity by the Joffe test. In all three groups, the workers with
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negative or questionable Joffe reactions lost more days of work than those 
with positive ones, who in turn, lost 1.6-2.0 times as many days of work as 
those with marked Joffe reactions. This reported relationship between 
measured reactivity and temporary disability suggests that the Joffe test 
may be a valid index of harmful effects of exposure to carbon disulfide.
In 1972, Mancuso and Locke [77] conducted the first longitudinal 
study of viscose rayon workers In the United States. The authors attempted 
to correlate long-term carbon disulfide exposure with behavioral and mental 
problems. Suicide was chosen as the indicator of these problems, although 
the authors recognized its Inadequacies (eg, possible underestimation in 
death-certlficate coding, insurance incentives for disguising suicide as 
the cause of death, variations In exhaustiveness of Investigations). The 
cohort was selected from the personnel records of a viscose rayon plant. 
For each year between 1938 and 1948, all new employees for whom essential 
personal and employment data were available were selected for study. From 
mortality data obtained from the Social Security Administration, the 
authors located and obtained copies of death certificates of members of the 
cohort. All death certificates were recoded for cause of death by an 
experienced nosologist. Person-years of observation were calculated for 
the period 1938-1968 by age (25-64) and sex. The proportional mortality 
rates were calculated by dividing the number of deaths in each age group by 
the person-years of observation for that age group. Multiple job changes 
by members of the cohort created a problem In analyzing the data. "First 
job" (meaning first department and occupation in company) was used as a 
convenient, but not completely valid, method of characterizing and 
analyzing the work force. Because the number of nonwhites in the plant was
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very small, the analyses were confined to a total of 4,899 white employees 
(3,229 men and 1,670 women).
The authors [77] found the death rate from all causes for the male 
worker cohort to be below the rate for white male Americans. Similarly, 
women in the cohort showed a lower than expected death rate from all 
causes. This coincides with the generally accepted concept of a healthy 
Industrial population. However, the age-adjusted suicide rates 
(suicides/100,000 persons) for the combined male-female cohort for ages 25- 
64 was 22.7 (44 suicides) against the corresponding 1955 US rate of 15.1. 
This difference was significant at the 5% level. In each 10-year age 
interval between 25 and 64, male rayon workers showed suicide rates higher 
than the US male population. The 46 reported suicides were then analyzed 
by department, age, and occupation. However, the small numbers found in 
most tabular cells do not readily lend themselves to statistical 
evaluation. There are also numerous other factors besides carbon disulfide 
that possibly contributed to these suicides. Although the authors 
attempted to find other correlates with exposure to carbon disulfide, the 
overall suicide rate was the only variable that could be related to the 
exposure.
Animal Toxicity
The mechanism of action of carbon disulfide and biologic effects that 
cannot be readily demonstrated in humans have been studied by means of 
animal experiments.
Seppalalnen and Linnoila [78] exposed rats to carbon disulfide to 
study the development of neuropathy. Forty-six 3-month-old albino Sprague-
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Dawley rats, 33 males and 13 females, were divided into 4 study groups. 
Two groups were exposed to airborne carbon disulfide at 750 ppm (2,330 
mg/cu m) in an airtight chamber. One group of 12 rats was exposed 6 
hours/day, 5 days/week, for 10 weeks, then 3 days/week for 12 weeks. Four 
of these rats were observed for a recovery period of 12 weeks after
exposure. A group of 15 rats was exposed for 6 hours/day, 5 days/week, for 
2-5 weeks, followed by a 12-week recovery period for 5 of the rats. Weight 
gain and maximal conduction velocities (MCV's) in motor nerves were 
measured, and the rats were observed for abnormal behavior and clinical
signs of neuropathy. A control group of 9 rats was used to measure weight
gain; another control group of 10 rats was used to compare the effects of 
aging and to measure "control" MCV's. Neither control group was exposed to 
carbon disulfide.
Seppalainen and Linnoila [78] found that the rats exposed to carbon 
disulfide for 22 weeks were lethargic after each day's exposure and showed 
some loss of motor activity toward the end of each week of exposure.
Recovery occurred quickly during the nightly and weekend rest periods. 
Clumsiness began at 3 weeks, followed by ataxia at week 6 and weakening of 
the hindlegs and marked ataxia at 8 weeks. The hindleg condition improved 
greatly during the 12^week recovery period, but the rats were not so agile 
as they were before exposure. MCV's decreased steadily during exposure, 
and, after the first 4 weeks, the MCV's were significantly lower than 
preexposure levels. Some Improvement was seen by the end of the recovery 
period. The mean weight of the rats remained fairly constant throughout 
the exposure period and increased during recovery. However, the control 
rats gained weight more consistently and had greater body weights at the
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end of the experiment than did the exposed rats. The rats subjected to 
short-term exposure (2-5 weeks) to carbon disulfide did not show signs of 
persistent neuropathy but were lethargic. The MCV's decreased but were 
quickly reversed after termination of exposure. The MCV's of control rats 
used to study age effects Increased until about 5 months of age but 
remained fairly constant thereafter. Seppalainen and Linnoila [78] 
concluded that the finding of decreased MCV's in rats agreed well with the 
results observed in humans in other studies conducted by Seppalainen and 
coworkers [55,56], although the changes in humans were less marked.
Szendzikowski et al [79] studied neurohlstologic changes in rats 
chronically exposed to carbon disulfide. Eighty Wistar rats were exposed 
to carbon disulfide vapor at a mean concentration of 1.5 mg/liter (482 ppm) 
for 5 hours/day, 6 days/week; 60 rats served as controls. Rats were killed 
for study monthly from the 1st to the 15th month by one of two methods: 
total body perfusion with formalin under light anesthesia followed by 
neural excision (60 rats) or decapitation followed by neural excision and 
formalin immersion (80 rats). Microscopic examination was restricted to 
the CNS, including neuronal somas, myelinated fibers, and blood vessels, 
and the peripheral nerves. The peripheral nerves were embedded in either 
paraffin or Epon 812, an epoxide resin that allows cutting of thin (1-2 /m) 
Sections.
No deterioration of the rats' general condition was noted in the 
first 7 months of exposure [79]. Thereafter, weight loss, muscular 
weakness, and loss of motor equilibrium began to appear, followed by 
physical deterioration, paralysis, and "muscular wasting." Defects in 
neurons were common in rat tissues prepared by formalin immersion, but rare
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in those fixed by formalin perfusion. The authors [79] suggested,
therefore, that most of the histologic changes may have been artifactual, 
ie, based on the method of tissue fixation rather than induced by carbon 
disulfide exposure. There were no signs of damage to myelinated fibers of 
cerebrum, cerebellum, or pons. However, the myelinated fibers of the 
spinal cord of exposed rats showed signs of degeneration, with lesions 
caused by swelling and disruption of the axons. This axonal swelling
became evident as early as 1 month after commencement of exposure. The 
lesions were distributed symmetrically and involved the ventral and lateral 
spinal funiculi. The blood vessel walls of exposed rats did not differ in 
appearance from those of controls. The routine paraffin technique revealed 
progressive degeneration in the myelinated fibers of peripheral nerves 
similar to that seen in the spinal fibers. The histologic findings in 
paraffin sections, although abnormal, were not in proportion to the 
advanced functional Impairment found in rats exposed to carbon disulfide 
for long periods. A number of pathologic alterations were found in
neuronal sections embedded in Epon 812. The major changes observed 
Included variations in fiber diameters, total breakdown of individual 
fibers, structural changes in neuron fibers (eg, shrinkage, disruption, and 
loss of axons), and an increased amount of interstitial tissue.
Szendzikowskl et al [79] found that all typical morphologic changes could 
be demonstrated by the 5th or 6th month of exposure, before the appearance 
of functional changes, using paraffin sections. The use of Epon sections 
allowed detection of structural changes in the peripheral nerves much 
earlier (after 1 or 2 months).
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Gondzik [80], in 1971, reported the results of studies of the effects 
of carbon disulfide on testicular tissues of rats. Three experiments were 
conducted using 85 mongrel rats, 2-5 months old and weighing 200-260 g. In 
the first experiment, 12 rats were injected ip every 2nd day for 60 days 
with 12.5 mg/kg of distilled carbon disulfide dissolved in peanut oil; 5 
were given pure peanut oil; and 5 were untreated. In the second 
experiment, 15 animals were given ip doses of 25.0 mg/kg every other day 
for 60 days; 10 rats were given pure peanut oil; and 9 were untreated. In 
the third experiment, 10 were given 25.0 mg/kg ip every other day for 120 
days; 10 were injected with peanut oil; and 9 were untreated. After each 
experiment, the animals were decapitated and autopsied. The testicles were 
fixed in formalin and cut perpendicularly to the long axis at both poles 
and at the point of greatest diameter. A total of 1,020 sections were 
prepared and analyzed from the 170 gonads examined.
The testicles of rats from exposed and control groups had similar 
histologic and histochemical patterns. However, exposed rats had thickened 
vascular walls, blood-cell-engorged vessels, disorganized seminiferous 
epithelium, and decreased numbers of spermatozoa. Rats Injected with 
carbon disulfide for a 120-day period, however, showed marked testicular 
damage. Advanced regressive lesions involving all parts of the testicles 
were found. The most pronounced changes were the "folding and shrinkage" 
of the usually round and smooth tubular basement membrane. Spermatogonia 
were few and sometimes nonexistent in the seminiferous tubules, and 
spermatogenesis was absent. Leydig cells showed degeneration and atrophy. 
Gondzik [80] concluded that carbon disulfide caused Irreversible 
microscopic disturbances in testicular structure, but he did not quantify
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the results of the tests In terms of numbers of animals showing
abnormalities and of the significance of differences.
Yaroslavskiy [81] exposed female albino rats and mice to carbon 
disulfide vapor to study its effects on the course and duration of 
pregnancy. The animals, in groups of 12-20, were exposed to carbon 
disulfide at a concentration of 2,000 mg/cu m (642 ppm) for 2 hours/day 
during the entire pregnancy. In some experiments, mice were given 200- 
mg/kg doses of tryptophan instead of, or In addition to, carbon disulfide. 
Two identical series of tests were performed on rats. In the first
experiment, 16.8% preimplantation embryonic mortality occurred in the 12 
exposed animals and 3.3% in the 12 controls (P<0.05). In the second 
experiment, the preimplantation mortality rate was 22.6% in 12 exposed rats
and 6.5% in 14 controls (P<0.05). The reproductive success of each exposed
group was lower than that of its control group in both experiments (6.8 
versus 9.7 fetuses per rat, P<0.05, and 8.0 versus 9.3 fetuses per rat). 
There were seven postimplantation deaths in the fetuses of exposed rats and 
none in those of the controls. There were no significant differences 
between experimental and control rats in the mean corpus luteum counts or 
in mean fetal weights.
In mice, the preimplantation fetal mortality rate was 11.3% for 21 
controls, 18.8% for 15 carbon disulfide-exposed mice (group A), 27.7% for
20 mice exposed to carbon disulfide plus tryptophan (group B), and 12.6% 
for the 20 mice exposed to tryptophan only (group C). Differences from the 
control group were significant for the mice exposed to carbon disulfide 
alone (P<0.001) and to carbon disulfide plus tryptophan (P<0.05). The mean 
number of live fetuses per mouse was 8.6 in controls, 6.6 in group A
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(P<0.05), 6.3 in group B (P<0.05), and 8.1 in group C (not significant). 
No embryos of control mice died after implantation, but groups A, B, and C 
had 8, 3, and 5 embryo deaths, respectively.
Yaroslavskiy [81] concluded that carbon disulfide slightly affected 
the reproductive success of the animals but had no effect on the weights of 
the newborn rats. Embryo toxicity was found in the exposed animals during 
the preimplantation and postimplantation periods, however, no terata were 
found in the litters from the dams exposed to carbon disulfide. Tryptophan 
and carbon disulfide were found to act synergistically as fetotoxic 
compounds. Because carbon disulfide and its metabolites have been said to 
lead to increased serotonin concentrations in the blood and brain and 
tryptophan is a precursor of serotonin, the author [81] believed that his 
results indicated a blockage of serotonin biotransformation.
Petrun [82] studied the biochemical effects of dermal exposure of 
rabbits to carbon disulfide. The shaved backs of rabbits of unspecified
sex were exposed to carbon disulfide vapor for 2 hours while the animals
breathed uncontaminated air. Fourteen rabbits were exposed to carbon 
disulfide at 2 mg/liter (642 ppm), and 14 were exposed at 10 mg/liter 
(3,210 ppm). Both before and after exposure, the rabbits were studied for 
magnitude of pulmonary gas exchange, gaseous composition of venous blood, 
hemoglobin level, erythrocyte count, rate of aerobic and anaerobic
glycolysis of erythrocytes, protein fractions of blood serum, carbonic
anhydrase activity, and blood cholinesterase activity. Statistically 
significant changes found in the exposed animals were increased carbonic 
anhydrase activity, decreased anaerobic glycolysis of erythrocytes, and 
decreased cholinesterase activity in erythrocytes in both groups, and
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increased albumin and decreased globulin in the group exposed at 2 mg/liter 
(642 ppm). In addition, the percentage of carbon dioxide in the venous 
blood increased from 31.3% to 35.8% (P<0.01) in the more highly exposed 
group. Petrun [82] concluded that these brief exposures to carbon 
disulfide caused harmful effects in rabbits, even though there were no 
visible signs of intoxication. While the author measured several 
significant differences in biochemical parameters in rabbits, he did not 
clearly explain their importance and ramifications. Changes in blood 
characteristics after exposure do not in themselves indicate toxicity, and 
extrapolation of these animal data to human exposure requires additional 
evidence.
Cohen et al [83], in 1958, studied skin absorption of carbon 
disulfide vapor in male albino rabbits. Each animal (total number not 
specified), with 40% of its fur clipped, was placed In a chamber so that 
only its body and legs were exposed to carbon disulfide vapor. 
Uncontaminated air was supplied through a face mask, and exhaled air was 
collected in a respirometer. Cutaneous absorption of carbon disulfide, 
reaction of carbon disulfide with free blood amino groups, blood zinc 
concentrations, and skin histopathology were studied. After 3 hours of 
dermal exposure to carbon disulfide at 1,550 ppm (4820 mg/cu m), the 
exhaled air of the rabbit contained 2.5 ppm (7.8 mg/cu m) of the compound; 
0.25 ppm (0.78 mg/cu m) could still be detected 1.5 hours after cessation 
of the 3-hour exposure. Exposure of one rabbit to carbon disulfide at 
1,500 ppm (4665 mg/cu m), 3 hours/day for 8 consecutive days revealed that 
the concentration of carbon disulfide in the exhaled breath increased with 
the length of exposure. In an experiment with single 70-minute, whole-
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body, cutaneous exposures at varying concentrations, a linear increase in 
the concentration of carbon disulfide exhaled in the breath was found as 
the exposure concentration was increased. However, no exhaled carbon 
disulfide could be detected at exposure concentrations of 150 ppm (465 
mg/cu m) or less, even after 6 hours of exposure. The ultraviolet 
absorption spectrum of serum from a rabbit dermally exposed to an 
unspecified concentration of carbon disulfide for 3 hours/day for 8 
consecutive days showed a decreased transmittance between 290 and 325 m/z. 
The authors suggested that this indicated a reaction between carbon 
disulfide and amino groups of serum proteins. The concentration of zinc in 
serum and erythrocytes decreased following dermal exposure to carbon 
disulfide. No microscopic changes were seen in sections of skin from 
exposed rabbits. Cohen et al [83] suggested that dermal exposure to carbon 
disulfide vapor may produce chronic carbon disulfide intoxication, 
especially with long exposure. Because apparently very few rabbits were 
used (some graphs showed data from only one animal) and no examination of 
statistical significance was done, this study should be considered 
exploratory.
Cohen et al [84], in 1959, studied the biochemical changes due to 
carbon disulfide in 11 male New Zealand white rabbits. The rabbits were 
exposed to carbon disulfide by inhalation for 6 hours/day, 5 days/week, for 
up to 38 weeks. Concentrations of carbon disulfide were 250 ppm (775 
mg/cu m) during the first 16 weeks, 500 ppm (1,555 mg/cu m) for the next 5 
weeks, and 750 ppm (2,330 mg/cu m) for the final 17 weeks. There were six 
controls. The concentration of carbon disulfide in the exhaled breath was 
measured colorimetrically 16 hours after termination of exposure. Blood
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samples were taken weekly from all animals. Two exposed and one control 
animal were killed by pentobarbital Injection after 12 weeks and examined; 
one exposed animal and one control were killed after 28 weeks; four exposed 
animals and two controls were killed within 1 week qfter exposure w^s 
stopped at week 38; the other four exposed rabbits and two controls were 
killed after a 6- to 7-week period of "observation and recovery."
The major sign of toxicity was partial but irreversible hindleg 
paralysis, which followed marked loss of body-weight beginning about week 
24 of the exposure [84]. Carbon disulfide in the exhaled breath averaged
1.4 ppm (4.3 mg/cu m) when the exposure concentration was 500 ppm (1,555 
mg/cu m) and rose to 3.1 ppm (9.6 mg/cu m) when the exposure concentration 
was 750 ppm (2,330 mg/cu m). No carbon disulfide was detected in the 
exhaled breath of rabbits exposed at 250 ppm (775 mg/cu m)-. Exposed 
animals did not gain weight during the first 11 weeks of exposure, although 
the controls did. During the period between weeks 11 and 24, however, the 
exposed rabbits gained weight steadily, although slightly less rapidly than 
did the controls. After week 24, the exposed animals began to lose weight. 
After exposure ceased, at week 38, the animals gained some weight.
The authors [84] found that total serum cholesterol Increased in 
exposed rabbits when the carbon disulfide concentration was Increased to 
750 ppm (2,330 mg/cu m) and returned to normal after exposure ceased. 
Hematocrit readings and sedimentation rates in exposed animals did not 
differ significantly from those in the controls. Electrocardiograms taken 
on all animals after signs of toxicity appeared showed no abnormalities, 
and neither T-wave inversion nor R-S-T segment abnormalities were detected. 
Results of urinalyses, taken irregularly, were unexceptional.
93
Microscopic findings considered abnormal were centrilobular 
congestion and mild fatty degeneration of the liver, mild hemosiderosis of 
the spleen, and chronic interstitial nephritis. Ten exposed rabbits had 
varying degrees of adrenal hyperplasia; adrenal cortical adenomata were 
found in not only four of these animals but also two controls. The mean 
adrenal weight of the exposed rabbits was nearly twice that of controls. 
The CNS was the site of the most marked pathologic changes. As early as 12 
weeks after exposure began, meninges of the brain were swollen, 
proliferatively thickened, and infiltrated with lymphocytes. Individual 
nerve cells in the cortices of all exposed animals showed changes that 
included vacuole formation, cytoplasmic fraying, swollen nuclei, and 
tortuous dendrites. Cerebellar damage consisted chiefly in decreased 
numbers of, and degenerative changes in, Purkinje cells. The most striking 
CNS changes involved the spinal cord. All exposed rabbits showed spinal 
cord damage in the upper thoracic region. No demyelinatlon was seen, nor 
was there any optic nerve damage. Cohen et al [84] found increased urinary 
and fecal excretion of zinc by the exposed rabbits and a gradual decrease 
in the mean concentration of zinc in the blood serum during the study.
Cohen et al [84] outlined the following theory for the mechanism of 
carbon disulfide toxicity: Inhaled carbon disulfide reacts with amino
groups of proteins and amino acids to produce thiocarbamates and 
thiazolidones. The presence of these substances was suggested by changes 
In the ultraviolet absorption spectra of sera from exposed rabbits. These 
proposed metabolites could chelate such metals as zinc, so that enzymes 
that require activation by these metals would be inhibited by deprivation 
of their activators. There were also decreased activities of serum and
94
tissue alkaline phosphatases (magnesium-requiring enzymes). The decreased 
activities of the alkaline phosphatases of serum and tissues in exposed
rabbits were thought to result from chelation of magnesium (a member of
Group IIA of the periodic table) similar to that postulated for zinc (a 
member of Group IIB). When one considers that zinc and other divalent 
metals (eg, magnesium, cobalt, and copper), all of which would be
susceptible to chelation by compounds able to form complexes with zinc, are 
required by such enzymes as carbonic anhydrase and creatine phosphoklnase, 
among others, it becomes apparent that the postulated chelation of these 
metals by thiocarbamates and thiazolidones could have substantial effects 
on cellular metabolism and even Integrity. This hypothesis should be
considered tentative, since the authors did not specify the length of 
exposure that preceded the sampling of tissues of the individual rabbits 
for estimates of zinc concentrations and no controls were used in the zinc 
excretion studies.
Misiakiewicz et al [85] studied the toxic effects of low doses of 
carbon disulfide alone and in combination with hydrogen sulfide. Groups of 
11 male Wistar albino rats each were exposed in separate inhalation 
chambers to (1) 0.1 mg/cu m (0.03 ppm) carbon disulfide, (2) 0.1 mg/cu m 
(0.03 ppm) carbon disulfide plus 0.1 mg/cu m (0.07 ppm) hydrogen sulfide, 
(3) 1.0 mg/cu m (0.3 ppm) carbon disulfide, or (4) 1.0 mg/cu m (0.3 ppm) 
carbon disulfide plus 1.0 mg/cu m (0.7 ppm) hydrogen sulfide. A control 
group of 11 rats was exposed to air alone under the same conditions as the 
experimental animals. Gas concentrations in the 150-liter chambers were 
very nearly constant, with an airflow of 30 liters/minute. Exposures were 
continuous for approximately 160 days except during feeding and the taking
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of blood and urine samples. Animals were examined for body weight 
increases, coproporphyrin concentration in the urine, blood cholinesterase 
activity, serum aspartate aminotransferase activity, and histopathologic 
abnormalities. All groups of rats gained weight during the experiment, 
although experimental animals gained less than the controls. Mean body- 
welght changes, as percent reduction compared to controls, were 7.5, 15.4, 
23.3, and 28.9%, respectively, for the four exposure groups. Weight 
changes in groups 3 and 4 were significantly different from those of the 
controls. Urinary coproporphyrin concentrations in groups 2, 3, and 4
increased 14, 57, and 100% from their initial levels, but the level did not 
increase in group 1. In group 4, the increase was significant at the 5% 
level.
Statistically significant increases in blood cholinesterase activity 
were seen in all exposed groups by day 85 of the study. The increases
continued until day 153 in all but group 4. Serum aspartate
aminotransferase activity rose markedly in groups 2 and 3 and especially in 
group 4. Aminotransferase activity in this group was 118% higher than in 
the controls, while groups 1, 2, and 3 showed increases of 14, 64, and 98% 
over the controls. Microscopic examination revealed no differences in 
histopathology between group 1 and the controls. Chronic inflammation of 
the lobular bronchi and bronchogenic Inflammation of the lungs were present 
in rats of groups 2 and 3. Chronic inflammation of the segmented bronchi 
was the predominant finding in group 4 rats. Misiakiewicz et al [85]
concluded that the combination of carbon disulfide and hydrogen sulfide was 
more harmful than carbon disulfide alone, citing exacerbated effects when 
the combination was present. Harmful effects on the rats were found at a
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There are several weaknesses in this report. With the exception of 
the body-weight measurements, tests were performed on only 5 or 6 rats in 
each group, rather than on all 11. This limited number and the lack of 
statistical measures of variation detract from experimental reliability. 
The colorimetric method of cholinesterase activity measurement is not noted 
for reliability, and the biphasic behavior of group 4 with respect to this 
enzyme is peculiar. Also, the authors could have more precisely evaluated 
the effect of the combination of carbon disulfide and hydrogen sulfide by 
Including groups exposed only to hydrogen sulfide.
Wakatsuki and Higashikawa [86] studied the toxic effects of carbon 
disulfide and hydrogen sulfide on nine mature rabbits, divided into three 
groups of two males and one female. Group 1 was exposed by inhalation to 
carbon disulfide at 300 ppm (930 mg/cu m), 30 minutes/day for 120
consecutive days. The second group was exposed to hydrogen sulfide at 100 
ppm (140 mg/cu m) and the third group was given 300 ppm (930 mg/cu m) of 
carbon disulfide plus 100 ppm (140 mg/cu m) of hydrogen sulfide on the same 
exposure schedule. Two untreated rabbits were used as controls. The 
animals were killed 140 days after exposure ceased, and tissues from 
hematopoietic organs, excretory organs, heart, lungs, testes, and ovaries 
were prepared for study.
No significant differences in bone-marrow activity were observed 
between groups 1 and 2 and the controls. In the mixed-gas group, however, 
there was a marked increase in bone-marrow cells. All three groups showed 
mild regeneration of hepatic cells, but group 3 rabbits also showed central 
fatty degeneration of the liver. Severe hyperemia was seen In the spleens
carbon disulfide concentration of 0.1 mg/cu m.
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of rabbits in the the mixed-gas group, but no substantial changes were seen 
in the other two groups. Very mild kidney changes were seen in groups 1 
and 2, but group 3 rabbits exhibited, in addition to the minor change found 
in groups 1 and 2, degeneration of the epithelium of the uriniferous 
tubules and presence of calcium deposits. There were no significant 
testicular changes in the carbon disulfide group; diminished spermatogenic 
capability resulting from seminiferous tubular atrophy was seen in the 
hydrogen sulfide group; spermatogenesis ceased entirely in the rabbits 
exposed to a combination of the gases. No impairment of the lungs, heart, 
or ovaries was observed in any of the rabbits.
Wakatsuki and Hlgashikawa [86] concluded that marked histologic 
changes occurred in rabbits exposed to the mixture of carbon disulfide and 
hydrogen sulfide, and only insignificant changes resulted from exposure to 
either gas individually. The authors explained that bone-marrow cell 
proliferation probably was accelerated in the rabbits of group 3 because 
they were probably still undergoing recovery in the 140 days after 
cessation of exposure. The authors also believed that the reasons there 
were no major abnormalities observed in groups 1 and 2 were that the short 
dally exposure duration (30 minutes) did not allow adequate time for toxic 
action, and that the 140 days following the end of exposure and preceding 
examination was too long and thus allowed recovery. That is, damage done 
by carbon disulfide or hydrogen sulfide alone was generally reversed after 
140 days of recovery, whereas the combination of the vapors produced 
effects from which the rabbits were unable to recover. Therefore, toxic 
synergism was present when carbon disulfide and hydrogen sulfide coexisted.
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There are several shortcomings in this report. Data are presented 
qualitatively only, and generalizations based on groups of three animals 
are unreliable. The authors used only two controls and did not use the 
data from them in describing changes in the exposed rabbits. Also, the 
description of experimental procedures fails to explain the researchers' 
methods clearly.
Wakatsuki [87], in 1959, also reported on the possible toxic 
synergism of the combination of carbon disulfide and hydrogen sulfide in 
rabbits. Three groups of four animals each were exposed under the same 
conditions described by Wakatsuki and Higashikawa [86] and compared with 
the same number of unexposed controls [87]. The general health, body 
weight, and blood conditions of the rabbits were examined. Four months 
after the end of exposure these factors were again examined, and recovery 
was monitored. Neither carbon disulfide nor hydrogen sulfide alone caused 
major changes in the rabbits' conditions. The minor changes observed were 
quickly reversed with no further abnormalities. However, exposure to the 
combination did cause several changes. Among these were lowered food 
intake, decreased body-weight gain, decreased hemoglobin and red blood cell 
count, increased white blood cell count, reticulocytosis, and lowered 
specific gravity and albumin/globulin ratio of the blood. Wakatsuki [87] 
found that when comparatively high concentrations of carbon disulfide and 
hydrogen sulfide are mixed, toxic action is reinforced. The author stated 
that it would therefore be dangerous to allow carbon disulfide and hydrogen 
sulfide to coexist at the MAC's intended for human exposure to either gas 
alone. This report [87] is more detailed than that of Wakatsuki and 
Higashikawa [86], but the author still used few animals and procedures and
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findings are often not clearly described.
Barilyak et al [88] studied the effects of a combination of carbon 
disulfide and hydrogen sulfide on reproduction in rats. Rats were exposed 
to carbon disulfide plus hydrogen sulfide at a combined concentration of 10 
mg/cu m (the actual individual concentrations of carbon disulfide and 
hydrogen sulfide were not given). In the first experimental group, 11 
females and an unspecified number of males were exposed continuously for 
70-90 days and then mated; the pregnant females were then kept exposed 
under the same experimental conditions until the 20th day of gestation. In 
the second group, 13 females exposed for 70-90 days were then mated with 
unexposed males and kept under exposed conditions. In group 3, an 
unspecified number of males exposed for 70 days were mated with 11 
unexposed females, with gestation under control conditions. The 12 females 
of group 4 were exposed during days 1-20 of gestation. In group 5, 11 
females were exposed for 70-90 days, kept under control conditions for 70 
days, and then mated to unexposed males. A control group of 26 females 
were mated to unexposed males. All pregnancies were terminated on day 20 
of gestation. Fetuses were examined for terata, and portions of liver and 
kidneys were taken from both mothers and fetuses for microscopic 
examination. Numbers of corpora lutea, Implantation sites, and live 
fetuses were determined for each group. These figures were used to 
calculate the numbers of embryonic deaths before and after implantation and 
the total number of intrauterine deaths.
The mean numbers of live fetuses per rat were 5.4, 3.8, 6.4, 6.7, 
6.5, and 9.0 for groups 1-5 and controls, respectively. The corresponding 
percentages of deaths of concepti given by the authors were 50, 62, 39, 22,
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35, and 9.3%; however, calculation from the authors' data gives a value of 
35% rather than 22% for group 4. Carbon disulfide and hydrogen sulfide 
showed definite embryotoxicity; calculations from the authors' data show 
that differences between exposed and control rats were significant for all 
groups. The most pronounced effects were in group 2, although group 1 was 
also markedly affected. Even when exposed animals were not mated until 70 
days after the end of exposure, preimplantation and postimplantation 
mortality rates were significantly higher than in controls (P<0.005 and 
P<0.001). In group 1, there were 2 cases of hydronephrosis in the 32 
fetuses, and 1 fetus in 24 had a supernumerary 14th rib. Also, 5.4% of the 
embryos in group 1 showed "developmental anomalies," whereas there were 
none in the controls. In group 2, two fetuses had hydrocephaly and 
hydronephrosis. Microscopic examination showed changes in small blood 
vessels in the livers of the embryos of groups 1 and 2. Eight rats of
group 1 and four of group 2 had retarded ossification. Rats of other
groups did not show such substantial abnormalities. Barilyak et al [88] 
described their data as showing a "weak teratogenic effect" of exposure to 
carbon disulfide and hydrogen sulfide. However, data and many methodologic 
details of this study are inadequately reported. It is unclear whether the 
rats were exposed to 10 mg/cu m of carbon disulfide and 10 mg/cu m of 
hydrogen sulfide or to a total concentration of 10 mg/cu m. It is
difficult to interpret the results quantitatively since individual litter 
data were not given. Proper statistical tests were not performed on the 
teratologic data; therefore, conclusions about the teratogenic effects of 
exposure to carbon disulfide and hydrogen sulfide cannot be made with
confidence.
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There is an abundance of epidemiologic data on occupational exposure 
to carbon disulfide, and adverse health effects have been well documented. 
A summary of workplace exposures and effects are presented in Table II1-1. 
However, the reports cited as evidence of effects on human health from 
carbon disulfide exposure are all from viscose rayon manufacture and thus 
include exposure to hydrogen sulfide in addition to carbon disulfide. 
While investigators have usually obtained measurements of airborne carbon 
disulfide concentrations, the concurrent concentrations of hydrogen sulfide 
have rarely been measured. With the exception of the Finnish studies 
[8,43-47,55,56,63,65,66]. the reports on occupational exposure to carbon 
disulfide provide little or no data on environmental conditions. The 
studies generally report mean concentrations without supportive data, 
possibly not representative of actual workplace exposures.
Studies of animal toxicity have been used sparingly in the document 
because of the large amount of available data on occupational exposure to 
carbon disulfide. The animal data primarily corroborate results found in 
humans or demonstrate biologic effects not demonstrated in man. A summary 
of results of exposures of animals to carbon disulfide or carbon disulfide 
plus hydrogen sulfide appears in Table 1II-2.
Several investigators have studied the cardiovascular effects of 
exposure to carbon disulfide [8,31,33,41,43-49,51,54], Hernberg et al [8], 
in 1967, developed a cohort of 343 viscose rayon workers and 343 controls 
and prospectively studied their cardiovascular morbidity and mortality. 
They found higher morbidity and mortality rates from coronary heart disease 
in viscose rayon workers than in controls. The latest followup of the
Correlation of Exposure and Effect
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cohort [47], in 1976, showed decreased coronary mortality ostensibly 
resulting from decreased exposure levels. However, this good study 
presents documented evidence of cardiovascular effects of chronic exposure 
to carbon disulfide at concentrations of 10-30 ppm (31-93 mg/cu m). 
Coronary mortality, hypertension, angina, abnormal plasma glucose and 
creatinine levels, and "coronary ECG's" were all found [8,43-47], Other 
studies [41,48] have reported that, compared to controls, there was 
increased risk of coronary heart disease in viscose rayon workers at 
concentrations around 20 ppm (62 mg/cu m). Another study [33] found 
atherosclerosis and hypertension in workers exposed to carbon disulfide at 
concentrations as low as 7 ppm (22 mg/cu m) . These studies document a 
correlation between cardiovascular problems and occupational exposure to 
carbon disulfide.
Vascular disturbances involving the eyes were related to carbon 
disulfide exposure in several reports [65-73]. Among the conditions 
reported were vascular rigidity, slowed circulation, increased ophthalmic 
pressure, and retinal microaneurysms. Retinal degeneration and 
conjunctival inflammation were reported at carbon disulfide concentrations 
below 3 ppm [67], although methods used to determine the concentrations 
were not reported. Vascular encephalopathy has been reported after 
exposure to carbon disulfide at concentrations of 10-482 ppm (31-1,500 
mg/cu m) [31]. Reduction of renal plasma flow and renal circulatory ratio 
and Increased total renal resistance were described as manifestations of 
systemic vascular alterations caused by carbon disulfide [32]. Vascular 
effects of long-term exposure to carbon disulfide have been manifested in 
the heart, eyes, kidneys, and brain, and these are probably the most
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Neuromuscular effects from exposure to carbon disulfide have been 
demonstrated in several reports [54-57,64], with symptoms including CNS and 
peripheral nerve damage, abnormal EMG's, slowed conduction velocities 
(CV's), and muscular weakness. Increased muscular excitability has been 
reported in 19-year-old women exposed to carbon disulfide at concentrations 
below 3 ppm (9 mg/cu m) for just 9 months [54], and diminished muscular 
power and slowed CV's and reflexes were found in young workers exposed at a 
mean concentration of 5 ppm (15 mg/cu m) [57]. The former study did not 
report sampling or analytical methods, and the latter reported carbon 
disulfide concentration peaks of up to 225 ppm (700 mg/cu m), casting doubt 
on the actual mean concentration experienced by the workers. Muscular 
weakness, paralysis, and myelin and neuron degeneration were observed in 
rats exposed at a concentration of carbon disulfide of approximately 482 
ppm (1,500 mg/cu m) [79] and slowed maximal conduction velocities (MCV's) 
and muscular weakness were observed in rats exposed at 750 ppm (2,330 
mg/cu m) [78].
Several other health effects related to carbon disulfide exposure 
have been reported. Among these were psychologic disturbances at 10-40 ppm 
(31-124 mg/cu m) [63], periodontic changes at 6-22 ppm (19-68 mg/cu m) 
[10], and Immunologic abnormalities at 3-16 ppm (9-50 mg/cu m) [75]. The 
periodontic changes are of dubious Importance and neither the immunologic 
changes nor the concentrations at which they occur are well established. 
Tuttle et al [64] reported that a battery of behavioral tests could 
effectively detect neurologic changes in occupationally exposed subjects 
prior to the manifestation of clinical symptoms.
Important documented effects caused by carbon disulfide exposure.
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Several reports have dealt with possible dermal absorption of carbon 
disulfide. A human experiment [37] showed that skin absorption of carbon 
disulfide from aqueous solutions, as commonly used in viscose rayon 
spinning operations, was substantial, but no dermal absorption of the vapor 
was noted. Experiments [82,83] studying the effects of prolonged dermal 
exposure to carbon disulfide vapor on rabbits yielded evidence of 
absorption.
Metabolic studies in humans [40] and in rabbits [84] were reported, 
but results were more suggestive than conclusive. The conclusion of the 
human study [40] was that carbon disulfide concentrations below 20 ppm 
could retard metabolism of commonly used drugs, allowing the drug to 
persist in the body longer than normal. The study on rabbits [84] led the 
authors to develop a theory of the mechanism of carbon disulfide toxicity: 
Inhaled carbon disulfide reacts with amino groups of proteins and amino 
acids to produce thlocarbamates and thiazolidones. These compounds chelate 
metals so that enzymes that require metal activators are thus inhibited. 
The results are cellular metabolic disturbances and corresponding toxic 
effects.
Several reports [85-87] described the effects on animals of exposure 
to carbon disulfide alone, hydrogen sulfide alone, and the combination. 
These studies concluded that exposure of animals to the combination 
produced exacerbation or synergism of toxic effects of the compounds. 
However, several reports [8,9,41] have ascribed the toxic effects 
demonstrated in viscose rayon employees to carbon disulfide alone. 
Experimental animal studies [78-81] strengthen this interpretation by 
demonstrating effects in animals exposed to carbon disulfide similar to
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those found in viscose rayon workers. The cases presented on both sides of 
the synergism argument are weak.
The data on the results of exposure to carbon disulfide present a 
wide range of significant, adverse effects on health. However, the 
airborne carbon disulfide concentrations corresponding to these effects are 
not so reliable nor so consistently reported. In correlating effects with 
levels of exposure, it is important to emphasize those studies which 
present environmental monitoring methods and results.
Carcinogenicity, Mutagenicity, Teratogenicity, and Effects on Reproduction
No reports on carcinogenesis or mutagenesis resulting from exposure 
to carbon disulfide or the combination of carbon disulfide and hydrogen 
sulfide have been found.
Barllyak et al [88] reported a weak teratogenic effect in rats 
following low-level exposures to a combination of hydrogen sulfide and 
carbon disulfide. This study does not present strong evidence of 
teratogenic effects from the mixed exposure, and, without corroborating 
studies, the results of this investigation must be considered tentative.
Effects on the reproductive system resulting from occupational 
exposure to carbon disulfide have been demonstrated [58-62]. Women viscose 
rayon workers exposed at concentrations of less than 3 ppm (9 mg/cu m) had 
numerous disorders of menstrual and ovarian function [60]. An Increased 
risk of spontaneous abortions at concentrations down to 9 ppm (28 mg/cu m) 
and below was reported [61,62]. Infertility, threatened pregnancy 
terminations, and menstrual disorders have also been reported. Young men 
have experienced spermatic disorders following short-term exposures at 
concentrations of 13-26 ppm (40-71 mg/cu m) [58,59]. All of these studies
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report reproductive system effects after carbon disulfide exposure at 
concentrations reportedly below the existing OSHA TWA concentration limit 
of 20 ppm (62 mg/cu m). Other studies [34-36] have not shown such 
reproductive system disorders, and their authors have concluded that, 
except at high concentrations, no adverse health effects result from 
exposure to carbon disulfide. These studies leave unsettled the question 
of adverse effects by carbon disulfide on human reproductive functions. 
Findings of reproductive system disorders in women have not been confirmed 
in this country.
Animal studies have shown adverse reproductive effects following 
carbon disulfide inhalation. Increased intrauterine mortality and 
decreased reproductive success [81] at a carbon disulfide concentration of 
642 ppm (1,997 mg/cu m) and testicular lesions and cessation of 
spermatogenesis [80] at 25 ppm (78 mg/cu m) were shown in rats and mice. 
Increased fetal mortality and questionable teratogenesis were observed in 
rats exposed to low concentrations of carbon disulfide and hydrogen sulfide 
(total concentration of 10 mg/cu m) [88].
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TABLE III-l

















100 - 450-1,000 - - Polyneuritis in 88%, gas­
tric disturbances in 28%
31
43 53 30-1,500 - 21 Encephalopa thy 31
107 32 200-400 - 1-9 Ophthalmic pressure 138/ 
110, vs 115/87 in controls
68
185 25-35 62-174 ca 5 Eye burning in 96% of 
rayon-production workers, 
44% of cell-fiber workers; 
pupillary light reactions 
abnormal
69
100 39 31-137 - 10 Psychomotor and psycho­
logic disturbances
63
125 47 ca 124 - 13 Coronary heart disease in 
5.6%, vs 1.2% in controls
48
33 22 40-81 - 2 Asthenospermia, hypo- 
spermia, teratospermia
58
350 33 19-65 1-6 6-10 Periodontal changes 10
116 50 >62 - >5 Coronary heart disease in 
16.5%, vs 2.7% in controls
49
28 44 ca 62 - 13 Coronary heart disease in 
3.6%, vs 1.2% in controls
48
38 51 29-118** *** 20 Ocular vascular rigidity 66






















118 - 29-118** *** 15 Polyneuropathy, abnormal 
EEG's
56
343 45 29-118** *** 11 Angina in 17%, vs 11% in 8 
controls; blood pressure 
140/91, vs 136/85 in con­
trols; coronary heart 
disease cause of 52% of 
deaths, vs 31.7% nationally
343 45 29-118** *** 11 Fasting glucose levels 
Increased with longer ex­
posures; plasma glucose 
levels higher than in 
controls
43
319 45 29-118** *** >10 Coronary heart disease 
mortality 5.6 times that 
in controls; total mor­
tality 2.7 times controls
44
322 45 29-118** *** >10 Coronary heart disease 45
more frequent than in con­
trols: fatal infarctions 
4.8, total infarctions
3.7, nonfatal infractions
2.8, angina 2.2, "coronary 
ECG's" 1.4 times higher than 
controls
343 25-72 29-118** *** >10 Life expectancy decreased 47
0.9-2.1 years, depending 













EFFECTS OF OCCUPATIONAL EXPOSURE TO CARBON DISULFIDE
PLUS HYDROGEN SULFIDE
Age: Concentration Duration:
Mean or (mg/cu m)* Mean or Ref-
Range __________________  Range Effects erence
(years)
CS2 H2S
42 29-118** *** >6 Peripheral nerve and CNS 
damage; conduction velo­
cities slowed; EMG's 
abnormal
55
35-64 29-118** *** Coronary heart disease 
cause of 42% of deaths in 
highly exposed workers,
24% in moderately exposed, 
14% nationally
41
53 <59** *** <io Coronary mortality during
8-year followup 5.8%, vs 
2.6% in controls; total 
mortality 10.2% vs 6.7% 
in controls
17
20-40 31-50 Immunologic reactions de­
creased; job absenteeism 
increased
75
<50 22-44 <10 Arteriosclerotic changes 
in 30.4%, hypertension in 
23.2%
33
18 12-31 <10 <1 Hypotension, nervous sys­
tem excitability
<30 ca 28 - >3 Spontaneous abortions in
14.3%, vs 6.8% in con­
trols; premature births 

























209 20-40 >22 <10 - Menstruation irregular, 
painful, abundant, and 
prolonged
60
60 25 ca 16 - - Muscular power diminished, 
reflexes slowed
57






500 20-40 < ± <10 - Menstruation abundant, 
painful, prolonged
60
94 18 3-9 <10 <1 Hypotension; nervous sys­
tem excitability
54
*1 mg/cu m ■ 0.321 ppm
**These studies are based on the same cohort of workers, exposed to carbon 
disulfide plus hydrogen sulfide at concentrations averaging 29-88 mg/cu m 
in the 1960's, 59-118 mg/cu m in the 1950's, and higher before 1950. 
***Hydrogen sulfide concentrations are included in those given for carbon 
disulfide and were estimated to be about 10% of the total.
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TABLE III-2
EFFECTS OF EXPOSURE TO CARBON DISULFIDE
OR TO CARBON DISULFIDE PLUS HYDROGEN SULFIDE ON ANIMALS
Route of Exposure Exposure Ref-
Exposure Species Concentration* Duration Effects erence
CS2 H2S
Inhalation Rat 2,330 6 hr/d Lethargy, loss of
5 d/wk motor control,
10 wk; 8lowed MCV’s with




2,330 6 hr/d Lethargy, slowed
















































EFFECTS OF EXPOSURE TO CARBON DISULFIDE

















f f Rabbit 780-
2,330




















genesis, loss of 
appetite, blood 
changes; most se­



















f f f f 39 0 II No effects 80
♦Concentration given in mg/cu m for inhalation exposures, mg/kg for injec­
tions; 1 mg/cu m = 0.321 ppm
**Hydrogen sulfide concentration included in that for carbon disulfide
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IV. ENVIRONMENTAL DATA AND BIOLOGIC MONITORING
Environmental Concentrations
There is an abundance of information on the concentrations of carbon 
disulfide at which workers have been routinely exposed. Most of the 
reports discussed in Chapter III include measurements of the workplace 
environment. These measurements are exclusively from the viscose rayon 
industry, where there is concomitant exposure to hydrogen sulfide. 
Workplace concentrations of carbon disulfide ranged from less than 9 
mg/cu m (3 ppm) [54,60,67,75] to peaks exceeding 6,200 mg/cu m (2,000 ppm) 
[9]. Hydrogen sulfide concentrations were rarely measured or reported.
A thorough environmental investigation was conducted by Rosensteel et 
al [9] in 1973, as a Health Hazard Evaluation and Determination Report for 
NIOSH. Carbon disulfide and hydrogen sulfide samples were collected in the 
workers' breathing zones and in the general workroom areas of the spinning 
and cutting rooms of a viscose rayon plant. Air samples of carbon 
disulfide in workers' breathing zones were obtained using a midget bubbler- 
impinger, and 12 of 36 samples were determined to contain concentrations in 
excess of 20 ppm (62 mg/cu m) as an 8-hour TWA concentration. In seven 
samples, the TWA concentrations of carbon disulfide exceeded 100 ppm (310 
mg/cu m). General workroom samples of air drawn through a midget impinger, 
with sampling times of 20-176 minutes, contained concentrations of hydrogen 
sulfide ranging from 0.74 to 3.37 ppm (1.03 to 4.68 mg/cu m). Breathlng- 
zone samples for workers in cutting and spinning operations contained 
concentrations of hydrogen sulfide of around 1 ppm (1 mg/cu m). A hydrogen 
sulfide concentration of 6.47 ppm (8.99 mg/cu m) was determined in a sample
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taken at head height, 6 inches inside a spinning hood. However, 13 of 15 
hydrogen sulfide detector tubes found no measurable level (less than 1 ppm) 
of hydrogen sulfide in the aisles between the machinery of the spinning and 
cutting areas. The two measurable readings were 1 and 5 ppm (1 and 7 
mg/cu m). It was therefore concluded that hydrogen sulfide did not present 
a health problem in that plant, but that exposures to carbon disulfide 
required further study. Eight workers in the cutting area and six in the 
spinning area were selected for more comprehensive monitoring and analysis, 
which was performed on a return visit.
Measurements of carbon disulfide concentrations in 10- to 20-minute 
air samples from the breathing zones of the eight cutters ranged from less 
than 20 to more than 2,000 ppm (less than 62 to more than 6,200 mg/cu m) 
[9]. The concentrations of carbon disulfide exceeded 100 ppm (310 mg/cu m) 
in more than one-half of the 196 samples taken. Similar measurements of 
the spinners' exposures showed that carbon disulfide concentrations were 
far lower in the spinning areas than in the cutting areas. The TWA 
concentration for all measurements was 11.2 ppm (34.7 mg/cu m) with a range 
of 0.9-127 ppm (2.8-394 mg/cu m). These data were combined with the 
general room exposure measurements to obtain TWA concentrations for the 
entire work shift for the 14 workers. Weighting was done on the basis of 
length of exposure in heavily contaminated, general, and nonexposed work 
areas. For cutters, shift TWA concentrations ranged from 9.5 to 129 ppm 
(29.5 to 400 mg/cu m); seven of the eight workers were exposed at 
concentrations higher than the 0SHA standard of 20 ppm (62 mg/cu m) for an 
8-hour day. Seven of eight were exposed to spot concentrations above the 
peak limit of 100 ppm (310 mg/cu m); concentrations in four of the eight
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general room samples exceeded the 30-ppm (93 mg/cu m) ceiling limit. The 
spinners did not have environmental exposures in excess of the OSHA
standard; TWA concentrations ranged from 4.3 to 11.1 ppm (13.3 to 34.4 
mg/cu m).
Hernberg et al [8] reported the results of extensive environmental 
monitoring from 1945 through 1967 in a Finnish viscose rayon plant. Plant 
chemists took up to 36 air samples (5-10 minutes) each year from each of 
10-40 different sites. The concentrations of carbon disulfide and hydrogen 
sulfide were determined separately by a titrlmetric method [42]. A total 
of approximately 3,000 measurements were available [8]. The concentrations 
reported were totals of carbon disulfide plus hydrogen sulfide, with carbon 
disulfide concentrations estimated to be 10 times those of hydrogen
sulfide. The combined concentrations were generally 10-30 ppm in the 
1960's, 20-40 ppm in the 1950's, and higher than 40 ppm before 1950. In 
1976, Hernberg et al [46] reported that concentrations dropped during 1967-
1975, with levels falling to below 5 ppm by 1972.
Environmental concentrations of carbon disulfide in a US viscose 
rayon plant were reported to be between 10 and 15 ppm (31 and 47 mg/cu m) 
In the churn and spinning rooms, determined by personal sampling equipment 
and colorimetric analytic procedures [6 (pp 25-28)]. Hydrogen sulfide 
concentrations usually remained near 1 ppm (1 mg/cu m), as measured by 
colorimetric methods.
Control of Exposure
In a NIOSH environmental and medical evaluation of a viscose rayon 
plant, Rosensteel et al [9] made recommendations for engineering and
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administrative control of carbon disulfide exposure. Having found toxic 
effects in workers exposed to carbon disulfide at excessively high 
concentrations, they recommended implementation of a comprehensive 
ventilation program for control of exposures near the cutting machines and 
in the general work areas. A strict respirator program and regular 
environmental and medical monitoring were also recommended.
Hernberg et al [46], in 1976, reported a large drop in the Incidence 
of coronary heart mortality in the last 3 years of an 8-year prospective 
study on a cohort of 343 viscose rayon workers. The authors suggested that 
this return to "normal'' mortality resulted from engineering and 
administrative controls in the viscose rayon factory. Engineering 
improvements, employee transfers to areas without carbon disulfide 
exposure, and use of personal protective equipment in operations with peak 
exposures were part of the improvement program.
Nurminen [47], In 1976, mentioned several factors which possibly 
contributed to the decreased risk of death from coronary heart disease in 
the same cohort of viscose rayon workers. Improved hygienic conditions, 
eg, better ventilation, increased awareness of hazards, and the use of 
personal protective equipment during peak exposures, all may have affected 
the decreased risk of coronary death in workers formerly exposed to carbon 
disulfide at excessive levels.
Flesch and Lucas [89], in a 1974 NIOSH Health Hazard Evaluation 
Report on a cellophane production plant, recommended several methods to 
decrease employee exposure to carbon disulfide. Frequent maintenance of 
machinery, proper use of ventilation control systems, implementation of 
administrative controls such as operator rotation, and assignment of
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additional personnel were suggested to help increase safety, ensure proper 
monitoring, and alleviate employee anxiety. Respirator use was recommended 
at times of peak exposure.
The Manufacturing Chemists* Association [1] suggested that downdraft 
or lateral-type ventilation be used around equipment from which the vapor 
may escape. The vapor must be drawn away from workers' breathing zones. 
Ventilation must be designed to prevent accumulation of carbon disulfide 
vapor in pockets or enclosed areas.
Oppl [90], in 1967, suggested that the use of air forced downward
from the ceiling (approximately 2.5 meters above the floor) through vents
located hetween carbon disulfide-generating machinery, would effectively 
limit carbon disulfide exposure in the workers' breathing zones. The use 
of this method has been rare.
Environmental Sampling and Analytical Methods
(a) Collection Methods
Most analytical methods depend on the efficiency and reproducibility
of carbon disulfide uptake by collection media. Air samples are usually
collected and transported to a laboratory, where they are desorbed or
chemically tested and finally analyzed quantitatively.
Vlles [91], in 1940, suggested four methods of carbon disulfide vapor 
collection. The first was the use of a bubbler containing glass beads 
connected to the intake section of a water reservoir. Water is decanted
out of the reservoir, drawing air through the bubbler. The second method
uses a hand-operated exhausting pump to bubble the air sample through a 
reagent. The other two methods are grab-sampling procedures, one using a
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citrate of magnesia pressure bottle and the other an evacuated gas 
collecting tube.
Absorption bottles with fritted glass bubbler tubes have been used in 
the viscose rayon Industry to collect carbon disulfide from samples of air 
drawn through sampling lines that open at various sites throughout a 
factory [92].
The American Industrial Hygiene Association (AIHA) Analytical 
Abstracts [93], in 1965, recommended collection of carbon disulfide with a 
bubbler containing glass beads wetted with a solution of diethylamlne and 
copper acetate.
The use of a glass bubbler attached to a bulb-type hand aspirator has 
been recommended in the United Kingdom as the collection method for carbon 
disulfide [94]. Lead acetate-impregnated filter paper is used to remove 
interfering hydrogen sulfide. Hunt et al [95], in 1973, also recommended 
the use of a glass bubbler with an attached rubber-bulb aspirator. The 
efficiency of absorption of carbon disulfide was found to vary from 100% at 
a flow rate of 50 ml/minute to 89% at a flow rate of 200 ml/minute. Higher 
temperatures also decreased absorption efficiency.
Rosensteel et al [9] described the collection method used by NIOSH in 
an evaluation of a viscose rayon plant. The sampling train consisted of a 
midget bubbler and impinger, with a battery-operated personal sampling 
pump.
Truhaut et al [96], in 1972, determined that carbon disulfide is 
fully adsorbed onto activated charcoal with virtually no hydrogen sulfide 
interference. McCammon et al [97], in 1975, recommended using tubes 
containing activated coconut-shell charcoal to adsorb carbon disulfide.
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The carbon disulfide can then be effectively desorbed with benzene or 
xylene.
(b) Analysis
Several methods have been used to measure carbon disulfide in 
samples. The two major analytical methods are based on colorimetric 
determination and gas chromatography.
Matuszak [98], in 1932, developed an analytical procedure for carbon 
disulfide which Involved condensing it with alkali and alcohol and then 
estimating the concentration by titrating the resulting xanthate. 
Interferences by hydrogen sulfide, mercaptans, and unsaturated hydrocarbons 
were described as potential problems with this method, although treatment 
of the xanthate solution with dilute aqueous alkali was an adequate remedy. 
Tischler [99], also in 1932, devised an analytical method using 
colorimetry. Carbon disulfide in ethanol, dlethylamine, and copper acetate 
were combined, and the color of the solution was compared with those of 
standard solutions. This copper-dlethylamlne method has been very widely 
used. Numerous other reports [91,94,95,100-103] have affirmed its 
effectiveness or described its use.
Mbrehead [104] slightly altered the copper-dlethylamlne method by 
using 2-methoxyethanol as the reaction medium (replacing ethanol). This 
modification Improved sensitivity by increasing color Intensity and 
stability, permitting determination of smaller carbon disulfide 
concentrations. AIHA Analytical Abstracts [93] recommended this Improved 
copper-dlethylamlne method, noting that a concentration of less than 2 ppm 
(6 mg/cu m) could be detected in a 1-liter sample.
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A NIOSH Health Hazard Evaluation [9] used the basic copper- 
diethylamine method, but with a slight technical improvement. The 
absorbance of the solution at 420 nm on a spectrophotometer was measured, 
and the carbon disulfide concentration was determined from a calibration 
curve prepared from known concentrations. Others [6 (pp 5-8),105] have 
also reported the use of spectrophotometry In Industrial situations.
Kneebone and Freiser [105], in 1975, reported two methods of 
analyzing carbon disulfide. The first method, a potentiometric procedure, 
depended on the reaction of carbon disulfide with pyrrolidine to form 
dithiocarbamate which was then chelated by addition of copper. The 
disappearance of Cu++ was monitored with a cupric-ion electrode. The 
method could detect as little as 7 jug of carbon disulfide. The error of 
carbon disulfide detection in this method was about 5%, and the precision 
of replicate measurements was 3%. The second method was based on the same 
reaction, but the chelate was extracted into lsoamyl acetate and atomic- 
absorption spectrophotometry was used to determine the concentration of the 
copper, from which the concentration of carbon disulfide was calculated. 
The sensitivity of this method was also found to be 7 jug, but, according to 
the authors, sensitivity in the range of 1-5 /¿g would have been attainable 
with more sophisticated equipment. The average error of detection was less 
than 2%, and the precision of replication was 1-2%. The authors felt that 
the atomic-absorption method allowed detection at a lower concentration 
than other analytical methods.
McCammon et al [97], in 1975, found that gas chromatography with a 
flame photometric detector could accurately and efficiently analyze carbon 
disulfide collected in charcoal tubes. This method is very sensitive,
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capable of detecting 1 ¿ig of carbon disulfide in a charcoal tube. They 
reported the accuracy of the method to be 6% with a relative standard 
deviation (coefficient of variation) of 9%. Interference was caused by 
high humidity but the use of a desiccant, calcium sulfate, effectively 
reduced this problem.
(c) Recommendations
NIOSH recommends that carbon disulfide in air be collected with 
activated coconut-shell charcoal, desorbed with benzene or xylene, and 
analyzed by gas chromatography. Although several other collection methods 
have been used for carbon disulfide, the charcoal-tube method has many 
advantages. Charcoal tubes are relatively simple to prepare, ship, and 
store; personal sampling is easily achieved; Interference from hydrogen 
sulfide is minimal; high temperatures do not affect sampling efficiency; 
and sampling tubes and pumps are commercially available. The gas 
chromatography method has been demonstrated to be reproducible, widely 
accepted, and more accurate than other methods. Charcoal-tube sampling and 
analysis by gas chromatography are methods approved by NIOSH and validated 
at 20 ppm (62 mg/cu m). Work on validation of the method at lower 
concentrations Is in progress. The recommended sampling and analytical 
methods are described In Appendices I and II.
The copper-dlethylamine method of carbon disulfide detection has been 
widely used since 1932. However, the sensitivity and accuracy of this 
method are not adequate to monitor carbon disulfide at concentrations below 
the NIOSH-recommended TWA concentration limit of 3 mg/cu m (1 ppm). The 
potentiation method and, especially, the atomic-absorption method are 
capable of accurately detecting carbon disulfide at low concentrations.
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However, the difficulty of operation, the cost, and the lack of supportive 
data are arguments against the recommendation of these methods.
Biologic Monitoring
Yoshida [106], in 1955, determined that a carbon disulfide metabolite 
found in the urine of test animals catalyzed the iodine-azide reaction, in 
which iodine is reduced by sodium azide. The rate of color disappearance 
of the iodine was proportional to the concentration of the metabolite.
Vasak et al [107], in 1963, studied the relationship of the iodine- 
azide reaction in human urine to the concentrations of carbon disulfide 
inhaled. An unspecified number of men and women, 20-40 years old, not 
exposed to carbon disulfide in their daily work, inhaled carbon disulfide 
from face masks for 8-hour periods at measured concentrations of 50-200 
Mg/liter (16-64 ppm). Control subjects were indicated in the authors' 
graphs but were not described. Urine samples were collected at 20-hour 
intervals, and the iodine-azide test was performed to determine the amount 
of carbon disulfide metabolites present. To correct for differences in 
urine volume, which would affect the concentration of metabolites and hence 
the iodine-azide reaction time, the authors developed a coefficient of 
exposure (E); this was determined by the formula E » C(log t), where C is 
the creatinine concentration in the urine in mg/ml and t is the time in 
seconds required for the iodine to disappear. The creatinine concentration 
was used to correct for dilution of the urine because the authors 
determined that the amount of creatinine excreted during 2-hour periods was 
constant "to a significant degree."
A nearly linear relationship was found between the coefficient of
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exposure and the carbon disulfide concentration in the Inhaled air. Vasak 
et al [107] concluded that persons exposed to carbon disulfide at 
concentrations below 50 jig/Hter (16 ppm) had coefficients of exposure of
6.5 or higher, while greater exposures were reflected in lower E values. 
Exposure at a concentration of 200 /ig/liter (64 ppm) produced an E value of 
1.
Djuric et al [108], in 1965, used the iodine-azide test to analyze 
the urine of workers exposed to carbon disulfide in a viscose rayon plant. 
As a control, 35 healthy persons not exposed to carbon disulfide were 
tested; all had E values between 10 and 6.5, le, normal. Urine samples 
were also obtained from workers in various viscose rayon operations. The 
urine was collected three times daily: before, during, and after work.
Three exposure classes of workers were recognized from the test results. 
The first group had normal E values, greater than 6.5, both before and 
after exposure. The authors considered it unlikely that these workers were 
exposed to carbon disulfide at concentrations above 50 mg/cu m (16 ppm) . A 
second group had normal values prior to the work shift, but E values were 
below 6.5 after work; they recovered overnight and had normal values again 
the next morning. The third group had abnormal E values during and after 
work and failed to recover by morning, possibly an early indication of 
carbon disulfide poisoning. Djuric et al concluded that the iodine-azide 
test was a simple and reliable method of evaluating the average exposure to 
carbon disulfide and determining whether workers have recovered from 
previous exposure.
Stoklnger and Mountain [109] suggested this test for use as an 
indicator of employee susceptibility to carbon disulfide. If test values at
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the beginning of the workweek have not returned to normal (preexposure) 
values, the employee would be considered hypersusceptible, and signs of 
carbon disulfide Intoxication would be expected to appear with continued 
exposure. However, the iodine-azide test is not sensitive enough to detect 
carbon disulfide in the urine of workers exposed at concentrations at or 
below the NIOSH-recommended TWA concentration limit of 3 mg/cu m (1 ppm). 
Also, this test has not been adequately Investigated for use as an 
indicator of hypersusceptibility to carbon disulfide.
While the iodine-azide test cannot measure carbon disulfide exposures 
as accurately or sensitively as air sampling, the test can be of value as a 
measure of carbon disulfide body burden. Periodic use of this test may be 




Work practices and safety precautions for handling carbon disulfide 
are the subjects of several reports [1,3,110-112]. Carbon disulfide is 
harmful to health when the vapor is inhaled or when there is prolonged or 
repeated skin contact. Occupational exposures to carbon disulfide can 
occur in several Industries, but employees engaged in the production of 
viscose rayon have been the most frequently exposed. Workers are primarily 
exposed to the vapor of carbon disulfide but may occasionally come Into 
contact with the liquid.
The lower and upper explosive limits for carbon disulfide in air at 
20 C are 1% and 50% by volume, and the autoignltlon temperature is 100 C
[110]. Carbon disulfide is designated as a Class 1A (the most flammable) 
liquid In 29 CFR 1910.106(a)(19)(1). Recommended work practices are 
Intended to ensure that potential sources of ignition are prohibited in
areas where carbon disulfide is stored or handled. Because contact with 
surfaces at temperatures above 80 C may be sufficient to ignite a mixture 
of carbon disulfide and air, smoking, open flames, spark-generating
equipment, exposed steam lines, and even naked electric light bulbs must
not be permitted in areas containing carbon disulfide liquid or vapor
[111]. To minimize fire and explosion hazards, precautions must be taken 
to ensure that airborne carbon disulfide does not accumulate to
concentrations of 0.1% (3,100 mg/cu m; 1,000 ppm).
Special precautions (eg, testing the concentration of carbon 
disulfide and making sure there is no oxygen deficiency) are necessary 
before workers enter vessels or other enclosed spaces that may contain
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Skin protection is necessary for workers who may be exposed to carbon 
disulfide in liquid form. Carbon disulfide is a fat solvent, and contact 
between the liquid and the skin can cause dryness and cracking of the skin; 
prolonged dermal contact can cause chemical burns. Synthetic-rubber gloves 
are recommended to protect the hands, but, since no gloves have been shown 
to be completely impervious to carbon disulfide, employees should be 
cautioned to avoid prolonged immersion of even gloved hands in carbon 
disulfide solutions. Gloves must be washed and dried thoroughly every day. 
Carbon disulfide must not be allowed to accumulate and remain under gloves, 
clothing, or shoes [1]. Goggles or face shields also should be worn by 
employees working with liquid carbon disulfide.
Small amounts of carbon disulfide may be stored in drums in cool, 
well-ventilated areas. Bulk carbon disulfide should be stored in tanks and 
covered with water. Further work practices recommended for the safe 
handling, storage, and use of carbon disulfide are described in the 
Chemical Safety Data Sheet [1].
If carbon disulfide is spilled, potential sources of ignition should 
be eliminated immediately, spark-proof ventilation should be provided, and 
the spill should be cleaned up. A small spill should generally be allowed 
to evaporate under conditions of good air circulation. However, a large 
spill (one that will not quickly evaporate) should be covered with water 
and flushed into a retention basin under a water layer; it should not be 
drained into a sewer system because of the possibility of an explosion. 
Disposal of carbon disulfide should be in accordance with relevant local, 
state, and federal regulations.
carbon disulfide [1].
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If a carbon disulfide fire occurs, it should be extinguished with a 
water spray. In addition to dousing the flames, this will prevent 
reignition by cooling the equipment. Carbon dioxide and dry chemical 
extinguishers may be used on small fires. Proper firefighting and personal 
protective equipment must be readily accessible to all workers potentially 
exposed to carbon disulfide [1].
Good sanitation and personal hygiene In conjunction with recommended 
work practices will minimize the risk of Inadvertent Ingestion of carbon 
disulfide. Employees should wash their hands before drinking, eating, or 
smoking. If carbon disulfide comes into contact with the eyes, they should 
be flushed with copious amounts of water. Emergency showers, eyewash 
fountains, and handwashing facilities must be accessible, and changes of 
clothing (Including gloves and shoes) must be readily available.
As described in Chapter IV, engineering controls should be used to 
keep levels of airborne carbon disulfide below concentrations hazardous to 
the health of workers, but certain situations, such as vessel entry, 
nonroutine maintenance or repair operations, or emergencies, may require 
respiratory protection. The selection of proper respiratory devices is 
discussed in Chapter I. These respirators shall be Immediately accessible 
to employees In emergency situations.
Appropriate posters and labels should be displayed, and the US 
Department of Labor form OSHA-20, "Material Safety Data Sheet," or a 
similar OSHA-approved form, should be filled out and kept accessible to 
employees. Effective employee education and supervision are necessary to 
ensure the safety and health of employees potentially exposed to carbon 
disulfide.
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VI. DEVELOPMENT OF STANDARD
Basis for Previous Standards
Exposure to carbon disulfide was first regulated in Germany for 
workers in the rubber industry [13]. Terms of a 1902 ordinance stipulated 
a ingTHimim continuous working period of 2 exposure hours, in a workday with 
not more than 4 exposure hours, for workers in departments with high carbon 
disulfide levels; there was to be at least a 1-hour interval between the 
two exposure periods. Persons under the age of 18 were not permitted to 
work In carbon disulfide departments. The employer was responsible for 
providing overalls, lockers, and washrooms and was required to have the 
employees examined every 4 weeks by a physician. Workers showing signs of 
carbon disulfide Intoxication were not permitted to work in hazardous 
departments during their convalescence and were permanently excluded from 
any hazardous work if they were found to be oversensitive to carbon 
disulfide. Included in this regulation were specifications for worker 
airspace and ventilation. Great Britain issued a similar ordinance in 
1922; other European countries and the USSR enacted similar regulations 
soon thereafter [13].
In a "Survey of Carbon Disulfide and Hydrogen Sulfide Hazards in the 
Viscose Rayon Industry," issued by the Pennsylvania Department of Labor and 
Industry [13] in 1938, Lewy stated: "The standards of the viscose rayon
Industry in America differ so widely that in one plant insomnia and bad 
dreams are regarded as alarming signs, while in another, more than half of 
the workers show objective signs of degenerative changes of the peripheral 
nerves, apparently without causing any concern to the management." Based
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on surveys of occupational disease in viscose plants, the Industrial Board 
of the Pennsylvania Department of Labor and Industry established a 
"permissible limit" of 10 ppm (31 mg/cu m) in the breathing zone for carbon 
disulfide alone and a total limit of 10 ppm for carbon disulfide and 
hydrogen sulfide combined, eg, 5 ppm carbon disulfide and 5 ppm hydrogen 
sulfide.
In a 1938 report on six cases of occupational carbon disulfide 
Intoxication in viscose rayon workers, Gordy and Trumper [113] suggested a 
maximum air concentration "preferably around 10 ppm." In 1939, Elkins 
[114], under the auspices of the Massachusetts Division of Occupational 
Hygiene, compiled a table of maximum allowable concentrations (MAC's) for 
41 substances. This list was derived from comments of occupational health 
and industrial hygiene authorities on available data and on previous 
standards. Carbon disulfide was considered "extremely toxic," and an MAC 
of 15 ppm (47 mg/cu m) in workplace air was proposed [114]. No 
justification for this figure was given.
In 1940, Bowditch et al [115] cited the Massachusetts code for 
maximum safe concentrations as a guide for controlling occupational 
exposures to toxic substances, but they cautioned that observing the given 
values was not a guarantee against possible effects. A value of 15 ppm (47 
mg/cu m) for carbon disulfide was recommended, but no basis was cited for 
the standard.
A list of MAC's for industrial atmospheric contaminants published by 
Cook [116] in 1945 included those of the American Standards Association, of 
the US Public Health Service, and of the States of California, Connecticut, 
Utah, Oregon, Massachusetts, and New York. The values for the last two
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states were to be used as guidelines rather than as mandatory standards. A 
limit of 20 ppm (62 mg/cu m) was recommended for carbon disulfide. No 
explanation was given for the Increase in the Massachusetts MAC for carbon 
disulfide from the value of 15 ppm (47 mg/cu m) proposed by both Elkins 
[114] and Bowditch et al [115]. In substantiating the proposed level of 20 
ppm (62 mg/cu m) for carbon disulfide, Cook [116] cited a study by 
Barthelemy [28] on conditions in a viscose rayon plant. Barthelemy
reported that when carbon disulfide levels were below 0.1 mg/liter (less 
than 32 ppm) "no trouble whatever was experienced." As additional support 
for his proposed carbon disulfide limit, Cook [116] referred to studies by 
Wiley et al [117] which, stated Cook, showed "no significant toxic effects" 
in animals exposed to carbon disulfide at 30 ppm (93 mg/cu m) over a long 
period. However, Wiley et al [117] had reported that exposure of mice and 
rats to a mixture of carbon disulfide and air at a concentration of 0.114 
mg/liter (about 37 ppm) for 8 hours/day over a period of 20 weeks "gave 
definite evidence of toxic effects." They reconmended that carbon 
disulfide concentrations in Industrial atmospheres be kept below 0.1 
mg/liter (less than 32 ppm) and that, if exposures to higher concentrations 
occurred, working hours be shortened and employees be transferred
periodically to operations with no carbon disulfide exposure hazards.
Bloomfield [118], in 1947, reviewed the reports of an American 
Conference of Governmental Industrial Hygienists’ (ACGIH) committee which 
was attempting to develop a list of MAC's for adoption by all the states.
He reported that, of 24 states and 3 cities responding to an inquiry on
carbon disulfide, 3 reported an existing MAC of 15 ppm (47 mg/cu m), 20 
reported a value of 20 ppm (62 mg/cu m), and 4 listed no established value.
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In 1955, Kleinfeld and Tabershaw [119], citing cases they had seen and the 
"experience of others," recommended that the 20-ppm (62 mg/cu m) carbon 
disulfide MAC be reduced to 10 ppm (31 mg/cu m).
For carbon disulfide, the ACGIH [120] adopted an MAC of 20 ppm (62 
mg/cu m) in 1946, and this value remains in effect as the threshold limit 
value (TLV). The 1961 ACGIH listing [121] Included the notation "skin" 
along with the recommended TLV, indicating that cutaneous absorption of 
carbon disulfide must be prevented if the TLV is to protect employees from 
the toxic effects of exposure to the compound. The 1971 ACGIH 
Documentation [122] listed a TLV of 20 ppm (62 mg/cu m) with the following 
statement: "The limit of 20 ppm, although protecting against serious
systemic effects, would appear to have little margin of safety, especially 
for those with mineral-deficient diets." Moreover, 2 of the 17 studies 
cited in the Documentation [122] supported a lowering of the TLV for carbon 
disulfide to 10 ppm (31 mg/cu m). In 1976, ACGIH [123] retained the TLV of 
20 ppm (62 mg/cu m) for carbon disulfide but Introduced a tentative value 
of 30 ppm (93 mg/cu m) as a short term exposure limit (STEL). The STEL is 
the maximum concentration at which workers can be exposed for a period of 
up to 15 minutes.
In 1968 [124], the American National Standards Institute (ANSI)
adopted an 8-hour TWA value of 20 ppm (62 mg/cu m) for carbon disulfide 
based on the 1967 ACGIH-recommended TLV [125]. In addition, ANSI adopted 
an "acceptable ceiling concentration" of 30 ppm (93 mg/cu m) for an 8- 
hour/day, 5-day workweek, provided that the TWA was at or below 20 ppm and 
that an "acceptable maximum peak" of not more than 100 ppm (311 mg/cu m) 
for 30 minutes did not occur more than once during an 8-hour workday.
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For carbon disulfide in the working environment, the following 
permissible levels have been set by foreign countries: Hungary, Japan
[126], and the Federal Republic of Germany [127], 60 mg/cu m (about 19 
ppm); German Democratic Republic [127], 50 mg/cu m (about 16 ppm);
Yugoslavia [126], Czechoslovakia, and Sweden [127], 30 mg/cu m (about 10 
ppm); Romania [126], 15 mg/cu m (about 5 ppm); USSR and Poland [126], 10
mg/cu m (about 3 ppm). The Soviet standard, established in the early 
1920'8 [13], is a maximum permissible concentration, never to be exceeded.
The current federal standard for carbon disulfide (29 CFR 1910.1000) 
incorporates the values recommended by ANSI In 1968 [124]. This specifies 
an 8-hour TWA value of 20 ppm (62 mg/cu m), with an acceptable celling 
concentration of 30 ppm (93 mg/cu m) for an 8-hour day, 5-day workweek, and 
an acceptable maximum peak during any 8-hour work shift of not more than 
100 ppm (311 mg/cu m) for 30 minutes.
Basis for the Recommended Standard
(a) Workplace Environmental Limits
Human studies have shown that exposure to carbon disulfide affects 
the cardiovascular system [8,33,41,43-46,48], the nervous system [54- 
57,63,64], the eyes [65-67], the reproductive organs [58,60,61], and 
several other systems and organs [10,75,128]. All occupational data used 
as the basis for the recommended occupational environmental exposure limit 
for carbon disulfide are from the viscose rayon Industry and therefore 
Include effects induced by exposure to hydrogen sulfide also; however, most 
investigators have measured and reported only the carbon disulfide 
concentrations. The ratio of the concentrations of evolved carbon
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disulfide to hydrogen sulfide in viscose rayon manufacture has been 
estimated at 2:1 [6], 4:1 [7], 5:1 [28], and 10:1 [8-10].
There are reports of apparent synergism of toxic effects when the two 
compounds are found together [85-87,129]. Several Investigators [85-87] 
have concluded that environmental limits developed for each compound 
independently should not be applied to situations in which a mixture of 
hydrogen sulfide and carbon disulfide is present. Rosensteel et al [9], in 
a 1973 NIOSH Health Hazard Evaluation of a viscose rayon plant, concluded 
that the potentially hazardous conditions In the production of rayon staple 
fiber resulted from the presence of carbon disulfide and not from that of 
hydrogen sulfide. Tiller et al [41] discounted the role of hydrogen 
sulfide in the Increased coronary mortality rate of viscose rayon workers. 
In support of these observations, animal experiments have shown that health 
effects similar to those reported In viscose rayon workers resulted from 
exposure to carbon disulfide alone [78-80].
Seppalainen et al [55] and Seppalalnen and Tolonen [56] reported 
polyneuropathy, slowed conduction velocities, and abnormal EMG's and EEG's 
in workers exposed to carbon disulfide at concentrations of approximately 
10-30 ppm (31-93 mg/cu m). Vasllescu [57] found that young men exposed to 
carbon disulfide at approximately 5 ppm (16 mg/cu m) had diminished 
muscular power, markedly weakened knee and ankle reflexes, and a slowing of 
motor conduction velocities. However, because peaks of up to 225 ppm (700 
mg/cu m) of carbon disulfide were measured, the 5 ppm (16 mg/cu m) figure 
may not accurately reflect the true environmental conditions.
Psychologic and behavioral abnormalities in workers exposed to carbon 
disulfide at concentrations around 20 ppm (62 mg/cu m) [63,64], periodontic
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disorders at concentrations as low as 6 ppm (19 mg/cu m) [10], decreased 
immunologic reactivity below 3 ppm (9 mg/cu m) [75], and nervous 
excitability and hypotension below 3 ppm (9 mg/cu m) [54] have all been 
reported in the viscose rayon industry. However, the periodontic findings 
are of questionable Importance and the reports of decreased Immunologic 
reactivity and of nervous excitability and hypotension did not adequately 
describe measurements of carbon disulfide concentrations.
The most thoroughly documented studies on the health effects of 
carbon disulfide exposure have been on the cardiovascular system. In 1970, 
Hernberg et al [8,43] reported significantly elevated rates of coronary 
heart disease mortality, angina, and high blood pressure, as well as 
disturbances in plasma glucose and creatinine concentrations, in viscose 
rayon workers. In a 5-year followup of these workers, Hernberg. et al 
[44,45] again reported Increased coronary heart disease mortality and also 
higher than expected Incidences of total infarctions, nonfatal Infarctions, 
angina, and "coronary ECG's." The workers had been exposed to carbon 
disulfide plus hydrogen sulfide at mean combined concentrations of 10-30 
ppm (31-93 mg/cu m) in the 1960’s, 20-40 ppm (62-124 mg/cu m) in the
1950's, and higher but unspecified levels previously. The concentration of 
hydrogen sulfide was estimated to constitute 10% of the total concentration 
of the two compounds. In an 8-year followup in 1976, Hernberg et al [46] 
found no excess coronary heart disease mortality during the last 3 years of 
followup.
Tiller et al [41] described significantly higher than expected 
mortality from coronary heart disease In workers exposed to carbon 
disulfide plus hydrogen sulfide at a median combined concentration of about
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20 ppm (62 mg/cu m). Also, "spinning" department workers exposed to carbon 
disulfide for more than 10 years had a death rate from coronary heart 
disease 2.5 times that of workers in other departments. Cirla et al [48] 
found that coronary disease Increased linearly with exposure to Increased 
carbon disulfide concentrations. Workers exposed at concentrations of 
about 20 ppm (62 mg/cu m) showed more ECG signs of coronary heart disease 
than did controls, and workers exposed at 40 ppm (124 mg/cu m) showed a 
very significant increase. Gavrllescu and Lllis [33] demonstrated that 
workers exposed to carbon disulfide at concentrations of 7-14 ppm (22-44 
mg/cu m) for approximately 10 years developed atherosclerosis and arterial 
hypertension to a much greater degree than controls.
Signs of disturbed retinal vascular circulation were found by Raltta 
et al [65] and Raltta and Tolonen [66] in workers exposed to carbon 
disulfide at concentrations of approximately 10-30 ppm (31-93 mg/cu m). 
Szymankowa [67] noted conjunctival Inflammation, temporary corneal 
opacities, and color-vision disturbances in workers exposed to carbon 
disulfide at reported concentrations of below 3 ppm (9 mg/cu m). Viglianl 
[31] described 43 cases of vascular encephalopathy which developed In 
viscose rayon workers exposed to carbon disulfide at concentrations of 10- 
48 ppm (31-149 mg/cu m).
Significantly greater frequencies of asthenospermia, hypospermia, and 
teratospermia were found in young men exposed to carbon disulfide at 13-26 
ppm (40-81 mg/cu m) than in controls [58]. Vasilyeva [60] reported greater 
than expected frequencies of menstrual flow lasting more than 5 days, 
abundant and painful menstruation, and abnormal cellular composition of 
vaginal smears in women exposed to carbon disulfide at concentrations below
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3 ppm (9 mg/cu m). Petrov [61] found that female viscose workers who had 
been exposed to carbon disulfide at concentrations around 9 ppm (28 
mg/cu m) before and during pregnancy had significantly more difficulty than 
controls in bringing the pregnancies to term. Threatened pregnancy 
terminations, spontaneous abortions, and premature births were more common 
in exposed workers than in controls. Bezvershenko [62] found that 
dysmenorrhea, oligomenorrhea, irregular and delayed menstruation, 
infertility, and spontaneous abortions were more common in women exposed to 
carbon disulfide than in unexposed controls. While these studies report 
serious reproductive effects at concentrations as low as below 3 ppm (9 
mg/cu m), the validity of the reported carbon disulfide concentrations is 
questionable because no sampling or analytical methods were identified and 
the results have not been corroborated. In contrast, reports by Flnkova et 
al [35], Ehrhardt [34], and Jindrichova [36] did not show added risk to 
female workers at carbon disulfide concentrations as high as 64 ppm (199 
mg/cu m).
Although serious health effects have been found at low concentrations 
and a no-effect level has not been demonstrated, a recommended 
environmental limit for carbon disulfide should be based on studies that 
use documented, reproducible, and accurate environmental monitoring 
procedures and that report significant health effects. The cardiovascular 
[8,31,33,41,43-46,48,65,66] and neurologic studies [55-57] are therefore of 
primary importance in developing a standard, and 10 ppm (31 mg/cu m) 
appears to be the lowest concentration causing demonstrated adverse health 
effects. As coronary heart disease frequently results in sudden death, a 
safety factor should be applied to the lowest concentration shown to be
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associated with such cardiovascular disorders. Therefore, NIOSH recommends 
that carbon disulfide concentrations in workplace air not exceed 3 mg/cu m 
(1 ppm) as a 10-hour TWA concentration during a 40-hour workweek. To avoid 
acute toxicity by carbon disulfide, a ceiling of 30 mg carbon disulfide/cu 
m of air (10 ppm) based on a 15-minute sampling period has been added to 
the recommended standard. Although several papers [58,60,61,62] document 
reproductive effects of carbon disulfide at concentrations at or near the 
recommended limits, their conclusions must be considered tentative because 
of shortcomings in their sampling, analytical, or experimental 
methodologies. If, however, additional information is obtained and these 
or other reports confirm effects at the reported concentrations, the 
recommended standard must be reviewed and serious consideration given to 
lowering the TWA and ceiling concentration limits.
Concern for worker health requires that protective measures be 
instituted below the recommended environmental limit to ensure that 
exposures stay below that limit. Therefore, environmental monitoring and 
recordkeeping are required for work areas where there is exposure to carbon 
disulfide above 1.5 mg/cu m (0.5 ppm) as a TWA concentration for a 10-hour 
workday, 40-hour workweek.
Because less hydrogen sulfide than carbon disulfide is evolved in 
viscose rayon manufacture [6-10], compliance with the recommended 
environmental limit for carbon disulfide will also minimize exposure to 
hydrogen sulfide.
(b) Sampling and Analysis
To monitor the concentration of carbon disulfide, the employees' 
breathing-zone air must be sampled periodically. NIOSH recommends sampling
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with activated, coconut-shell charcoal tubes and analysis by gas 
chromatography. These methods are presented in Appendices I and II, 
although other methods of comparable reliability and accuracy are 
acceptable. The relative merits of various methods of sampling and 
analysis are discussed in Chapter IV.
(c) Medical Surveillance
In view of the documented effects of human exposure to carbon 
disulfide, NIOSH recommends that comprehensive preplacement and annual 
examinations, including ECG's, blood pressure tests, and neurologic tests, 
be made available to all workers occupationally exposed to carbon 
disulfide. The worker should be Informed that disorders of the 
cardiovascular, nervous, and reproductive systems and of the eyes may 
result from exposure to carbon disulfide. In certain cases, an individual 
may exhibit symptoms warranting more frequent and more specialized 
examinations. Biologic monitoring, using the iodine-azide urine test as 
presented In Appendix III, may assist in detecting exposures at high 
concentrations that may not be detected by air monitoring. All pertinent
medical records, with supporting documents, must be kept for at least 30
years after termination of employment.
(d) Personal Protective Equipment and Clothing
Personal protective equipment must be used in accordance with 29 CFR 
1910, Subpart I. Because of the vesicant action of liquid carbon disulfide
on the skin, synthetic rubber gloves must be used when work with liquid
carbon disulfide is necessary. Employees working with liquid carbon 
disulfide must use face shields with goggles to protect against possible 
eye damage. Clothing that is contaminated with carbon disulfide must be
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immediately replaced. In accordance with Tables 1-1 and 1-2, respiratory 
protection should be used to protect against harmful concentrations of 
carbon disulfide vapor but should not be used as a substitute for 
ventilatory and other engineering controls of the concentration of carbon 
disulfide in the air of the workplace.
(e) Informing Employees of Hazards
Employers must inform employees of the toxic and explosive hazards of 
carbon disulfide. A continuing education program, conducted at least 
annually, must be instituted by employers. This program should include 
instruction on the use of respiratory equipment, emergency procedures, and 
proper work practices.
(f) Work Practices
The extreme flammability and toxicity of carbon disulfide necessitate 
conformance to proper work practices. Procedures for emergency situations, 
control of airborne carbon disulfide, sanitation, and maintenance must be 
understood and followed by employees occupationally exposed to carbon 
disulfide. Carbon disulfide must be stored in cool, fire-resistant, well- 
ventilated areas. Conformance with all applicable local, state, and 
federal regulations is necessary when disposing of carbon disulfide. 
Carbon disulfide must not be allowed to enter sewer systems. Employee 
entry into confined spaces must be controlled by a permit system, or 
equivalent, and these areas should not be entered until the atmosphere has 
been tested for oxygen deficiency, carbon disulfide, or other contaminants. 
When necessary, however, proper respiratory protection should be used in 
entering these areas. Use of standby personnel is required when an 
employee enters confined spaces.
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Employers must determine by an industrial hygiene survey whether 
employees are exposed to carbon disulfide in excess of 1.5 mg/cu m (0.5 
ppm) as a TWA concentration. If this survey reveals that exposure In these 
areas is below 1.5 mg/cu m (0.5 ppm) then such a survey need be made once 
every 3 years, supplemented by semiannual personal employee sampling. If 
exposure is found to be above 1.5 mg/cu m (0.5 ppm) as a TWA more frequent 
sampling will be required.
Comprehensive records of environmental monitoring must be kept for 
each employee occupationally exposed to carbon disulfide. These records 
must be kept for 30 years after the individual's employment has ended and 
must be made available upon request to the appropriate federal agencies and 
to the employee or his authorized representative.
(g) Monitoring and Recordkeeping Requirements
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VII. RESEARCH NEEDS
All human exposure information forming the basis for the recommended 
standard for occupational exposure to carbon disulfide has been taken from 
data on worker experience in the viscose rayon industry. Because of the 
nature of the process, there is always concomitant exposure to hydrogen 
sulfide with carbon disulfide. This situation raises the question of 
whether the toxic effects when hydrogen sulfide and carbon disulfide 
coexist are synergistic or additive. A corollary question is whether 
workers in industries with exposure to carbon disulfide, but not to 
hydrogen sulfide, experience health effects similar to those of workers in 
the viscose rayon industry.
Human epidemiologic studies, with accurate measurements of workplace 
concentrations of carbon disulfide and hydrogen sulfide, should be 
conducted. Although good epidemiologic studies measuring carbon disulfide 
concentrations do exist, no studies give accurate data on concentrations of 
hydrogen sulfide and its role in chronic health problems in viscose rayon 
workers. Several animal studies [85-87,129] have Investigated this 
question and reported evidence of synergism. Well-controlled experiments, 
using exposure schedules similar to those in the occupational environment, 
should be conducted to study the effects of carbon disulfide alone, 
hydrogen sulfide alone, and the combination.
A concerted effort is needed to investigate the health effects of 
occupational exposure to carbon disulfide in Industries other than viscose 
rayon. In addition, well-designed epidemiologic studies should be 
conducted in the United States, as only two epidemiologic studies [51,77]
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have been made in this country in recent years. Although basing the 
recommended standard for carbon disulfide wholly on foreign studies does 
not necessarily weaken the recommendation, similar studies in the United 
States would assure a standard that would be applicable to working 
conditions in this country. A NIOSH-funded retrospective mortality study 
of viscose rdyon workers by the University of Pittsburgh, begun in 1976, 
may provide useful data in this area.
Several studies [58,60,61] have shown very striking reproductive 
system disorders in viscose workers exposed to carbon disulfide at low 
concentrations, and one investigation [88] found an effect in rats 
characterized by the investigator as a weak teratogenic effect. The 
Importance of this type of effect necessitates close note of reproductive 
abnormalities that may appear in employees working with carbon disulfide 
and of structural abnormalities in their offspring. Additional research 
with animals, designed to detect teratogenic and mutagenic effects 
resulting from exposure to carbon disulfide, is needed. NIOSH is currently 
planning such a study.
Because the reported effects of chronic exposure to carbon disulfide 
have been quite serious and diverse, the development and utilization of 
precllnical diagnostic tests would be extremely useful. Hanninen [63] and 
Tuttle et al [64] have used behavioral/psychological tests to identify 
carbon disulfide-affected workers prior to the onset of overt symptoms and 
signs of poisoning. Similar work using methods that are simpler, easier to 
administer, and more readily evaluated, is needed.
Although it is well established that long-term exposure to carbon 
disulfide has caused cardiovascular abnormalities, the mechanism of this
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action is not clear. Lilis et al [32] have studied renal function to 
determine the possible role of the kidneys in the development of 
cardiovascular problems. Further research in this area is needed.
Other areas of research pertinent to occupational exposure to carbon 
disulfide that need further research are dermal absorption of vaporized and 
liquid carbon disulfide In species other than the rabbit; development and 
validation of direct-reading sampling instrumentation for carbon disulfide; 
and design of more efficient engineering controls.
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IX. APPENDIX I
This sampling method is adapted from NIOSH Method No. S248. Collect 
breathing-zone or personal samples representative of the individual 
employee's exposure. Collect enough samples to permit calculation of a TWA 
concentration for every operation or location in which there Is exposure to 
carbon disulfide. At the time of sample collection, record a description 
of sampling location and conditions, equipment used, time and rate of 
sampling, and any other pertinent information.
Equipment
The sampling train consists of a charcoal tube and a vacuum pump.
(a) Charcoal tube: Glass tube with both ends flame-sealed, 7 cm
long with a 6-rnn OD and a 4-mm ID, containing two sections of 20/40-mesh 
activated, coconut-shell charcoal separated by a 2-mm portion of 
polyurethane foam. The adsorbing section contains 100 mg of charcoal, the 
backup section 50 mg. A 3-mm portion of polyurethane foam is placed 
between the outlet end of the tube and the backup section. A plug of 
silylated glass wool Is placed in front of the adsorbing section. The 
pressure drop across the tube must be less than 1 inch of mercury at a 
flowrate of 1 liter/minute. Tubes with the above specifications are 
commercially available.
AIR SAMPLING METHOD FOR CARBON DISULFIDE
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(b) Pump: A battery-operated pump, with a clip for attachment to
the employee's belt, whose flow can be maintained within 5% at the 
recommended flow rate.
Calibration
The accurate calibration of a sampling pump is essential to the 
correct interpretation of the volume sampled. The frequency of calibration 
depends on such factors as the use, care, and handling to which the pump is 
subjected. Pumps should also be recalibrated if they have been misused or 
if they have just been repaired or received from a manufacturer. If the 
pump receives hard use, more frequent calibration may be necessary. 
Maintenance and calibration should be performed on a regular schedule, and 
records of these should be kept.
Ordinarily, pumps should be calibrated in the laboratory both before 
they are used in the field and after they have been used to collect a large 
number of field samples. The accuracy of calibration depends on the type 
of Instrument used as a reference. The choice of calibration Instrument 
will depend largely upon where the calibration is to be performed. For 
laboratory testing, a soapbubble meter Is recommended, although other 
standard calibrating Instruments can be used. The actual setups will be 
similar for all Instruments. For a check on performance of a pump In the 
field a rotameter may be used.
Instructions for calibration with the soapbubble meter follow. If 
another calibration device Is selected, equivalent procedures should be 
used. The calibration setup for personal sampling pumps with a charcoal 
tube is shown in Figure XIII-1. Since the flow rate given by a pump Is
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dependent on the pressure drop across the sampling device, in this case a 
charcoal tube, the pump must be calibrated while operating with a 
representative charcoal tube in line.
(a) Check the voltage of the pump battery with a voltmeter to 
assure adequate voltage for calibration. Charge the battery if necessary.
(b) Break the tips of a charcoal tube to produce openings of at 
least 2 mm in diameter.
(c) Assemble the sampling train as shown in Figure XIII-1.
(d) Turn on the pump and moisten the inside of the soapbubble 
meter by immersing the buret in the soap solution. Draw bubbles up the 
inside until they are able to travel the entire buret length without 
bursting.
(e) Adjust the pump flowmeter to provide the desired flow rate.
(f) Check the water manometer to ensure that the pressure drop 
across the sampling train does not exceed 13 Inches of water at 1.0 
liter/minute (or 2.5 Inches of water at 0.2 liter/minute).
(g) Start a soapbubble up the buret and measure with a stopwatch 
the time it takes the bubble to move from one calibration mark to another.
(h) Repeat the procedure in (g) at least three times, average the 
results, and calculate the flow rate by dividing the volume between the 
preselected marks by the time required for the soapbubble to traverse the 
distance. If, for the pump being calibrated, the volume of air sampled is 
calculated as the product of the number of strokes times a stroke factor 
(given in units of volume/stroke), the stroke factor is the volume between 
the two preselected marks divided by the number of strokes.
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(i) Data for the calibration Include the volume measured, elapsed 
time or number of strokes of the pump, pressure drop, air temperature, 
atmospheric pressure, serial number of the pump, date, and name of the 
person performing the calibration.
Sampling Procedure
(a) Break both ends of the charcoal tube to provide openings of at 
least 2 mm, which is half the ID of the tube. A smaller opening causes a 
llmlting-orlfice effect which reduces the flow through the tube. The 
smaller section of charcoal in the tube is used as a backup section and 
therefore is placed nearest the sampling pump. Use tubing to connect the 
back of the tube to the pump, but tubing must never be put in front of the 
the charcoal tube. The tube is supported in a vertical position in the 
employee'8 breathing zone.
(b) To determine the TWA concentration of carbon disulfide, sample 
a minimum of 64 liters of air at a flow rate of 1 liter/minute or less. 
This is recommended for sampling carbon disulfide at concentrations of 1 
ppm or less. To determine ceiling concentrations, use a flow rate of 1 
liter/minute or less for 15 minutes.
(c) Measure and record the temperature and pressure of the 
atmosphere being sampled.
(d) Treat at least one charcoal tube in the same manner as the 
sample tubes (break, seal, and ship), but do not draw air through it. This 
tube serves as a blank.
(e) Immediately after samples are collected, cap the charcoal 
tubes with plastic caps. Do not use rubber caps. To minimize breakage
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during transport, pack capped tubes tightly in a shipping container.
(f) If analysis cannot be performed within 1 week, the samples 
should be stored under refrigeration. Carbon disulfide tends to migrate 
within the charcoal tube from the front section to the backup section when 
the tubes are held at ambient temperatures for prolonged periods of time. 
The tubes appear to be unaffected by short storage at elevated temperatures 
or by shipping under reduced pressure.
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X. APPENDIX II
This analytical method for carbon disulfide is adapted from NIOSH 
Method No. S248 and has been validated at the present OSHA standard of 20 
ppm (62 mg/cu m). This method has been validated at 2.5 ppm and appears to 
be adaptable to the recommended limit.
Principle of the Method
Carbon disulfide vapor trapped on charcoal from a known volume of air 
is desorbed with benzene; xylene also can be used for desorption, but NIOSH 
has not validated the use of xylene in this method. An aliquot of the 
desorbed sample is injected into a gas chromatograph with a sulfur 
detector. The area under the resulting peak is determined and compared 
with those obtained from injection of standards.
Range and Sensitivity
This method was validated over the range of 45.6-182.3 mg/cu m (14.7- 
58.8 ppm) at an atmospheric temperature and pressure of 22 C and 766 nmiHg, 
using a 6-liter sample. For a 6-liter sample, the probable useful range of 
this method is 16-280 mg/cu m (5-90 ppm). The method is capable of 
measuring much smaller amounts if the desorption efficiency is adequate. A 
NIOSH Sampling Data Sheet [130] reported carbon disulfide detection as 
low as 3 mg/cu m (1 ppm), using a 10-liter sample. Desorption efficiency
ANALYTICAL METHOD FOR CARBON DISULFIDE
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must be determined over the range used.
The capacity of the charcoal tube varies with the concentrations of 
carbon disulfide and other substances in the air. The first section of the 
charcoal tube was found to hold 6.0 mg of carbon disulfide when a test 
atmosphere containing 188 mg/cu m (60.3 ppm) of carbon disulfide in air was 
sampled at 0.196 liter/minute for 162 minutes; breakthrough was observed at 
this time, ie, 0.056 mg of carbon disulfide had broken through the front 
section of the charcoal tube. If a particular atmosphere is suspected of 
containing a large amount of contaminant, a smaller sampling volume should 
be taken.
Interferences
When the amount of water in the air is so great that condensation 
occurs in the tube, carbon disulfide vapor may not be trapped efficiently. 
Experiments showed that there was Increasing loss of carbon disulfide with 
an increase in relative humidity. In order to correct this problem, It is 
necessary to use a deslccant to remove the moisture. It must be emphasized 
that any compound which has the same retention time as the analyte under 
the operating conditions described in this method will Interfere. 
Retention-time data on a single column cannot be considered proof of 
chemical identity. If the possibility of Interference exists, separation 
conditions (column packing, temperature, etc) must be changed to circumvent 
the problem. McCammon et al [97] reported that sampling efficiency was not 
affected by the presence of hydrogen sulfide or elevated temperatures.
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Precision and Accuracy
The coefficient of variation (standard devlatlon/mean x 100) for the 
total analytical and sampling method in the range of 45.6-182.3 mg/cu m 
(14.7-58.8 ppm) is 0.059. This value corresponds to a 5.6 mg/cu m (1.8 
ppm) standard deviation at 93 mg/cu m (30 ppm). On the average, the
concentrations obtained at 93 mg/cu m  (30 ppm) using the overall sampling 
and analytical method were 0.7% higher than the true concentrations for a 
limited number of laboratory experiments. Any difference between the found 
and true concentrations may not represent a bias in the sampling and
analytical method, but rather a random variation from the experimentally
determined true concentration.
Apparatus
(a) Drying tubes: Glass tube with both ends open, 7 cm long with
a 6-mn OD and a 4-mm ID. To add the deslccant to the tube, a plug of
silylated glass wool is placed In one end of the tube, and the tube is 
filled with 270 mg of anhydrous sodium sulfate. Another plug of silylated 
glass wool is placed over the sodium sulfate, and the tube is capped at
both ends.
(b) Gas chromatograph equipped with a flame photometric detector,
with a sulfur filter.
(c) Column (6 ft x 1/4 in OD, glass) packed with 5% 0V-17 on
80/100 mesh Gas Chrom Q or equivalent.
(d) An electronic integrator or some other suitable method for
measuring peak areas.
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(e) Microliter syringes: 10 *tl and other convenient sizes for
preparing standards.
(f) Plpets: 10-ml delivery pipets.
(g) Volumetric flasks: 25 ml or convenient sizes for preparing
standard solution.
(h) Sample containers: 25 ml, stoppered.
Reagents
(a) Chromatographic-quality carbon disulfide.




(f) Filtered compressed air.
Analysis of Samples
All glassware used for the laboratory analysis should be washed in 
detergent and rinsed with tap and distilled water.
(a) Preparation of samples: In preparation for analysis, score
each charcoal tube with a file in front of the first section of charcoal 
and break open. Remove and discard the glass wool. Transfer the charcoal 
in the first (larger) section to a 25-ml stoppered sample container. 
Remove the separating section of foam and discard; transfer the charcoal In
the second section to another stoppered container. These two sections are
analyzed separately.
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(b) Desorption of samples: Prior to analysis, pipet 10 ml of 
benzene into each sample container. (All work with benzene should be 
performed in a hood because of its high toxicity.) Desorb the sample for 
30 minutes, agitating occasionally. Another, and probably preferable, 
procedure Is to place the charcoal within a vial with a septal closure and 
to Inject the desorbing solvent (benzene or xylene) through the septum. 
This procedure has not been validated by NIOSH, however.
(c) Gas chromatography conditions: The typical operating 
conditions for the gas chromatograph are:
(1) Nitrogen carrier-gas flow, 20 ml/minute.
(2) Hydrogen gas flow to detector, 150 ml/minute.
(3) Airflow to detector, 35 ml/minute.
(4) Oxygen gas flow to detector, 20 ml/mlnute.
(5) Injector temperature, 150 C.
(6) Detector temperature, 145 C.
(7) Column temperature, 40 C.
(d) Injection: The first step In the analysis Is the injection of
the sample into the gas chromatograph. To eliminate difficulties arising 
from blowback or evaporation of solvent within the syringe needle, the 
solvent flush injection technique is used. Flush the 10—/¿I syringe with 
solvent several times to wet the barrel and plunger. Draw 3 /¿I of solvent 
into the syringe to Increase the accuracy and reproducibility of the 
injected sample volume. Remove the needle from the solvent, and pull the 
plunger back about 0.2 pi to separate the solvent flush from the sample 
with a pocket of air to be used as a marker. Immerse the needle in the 
sample and withdraw a 5-yl aliquot, taking into consideration the volume of
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the needle because the sample In the needle will be completely Injected. 
After removing the needle from the sample, and prior to injection, pull the 
plunger back 1.2 pi to minimize evaporation of the sample from the tip of 
the needle. Make sure that the sample occupies 4.9-5.0 pi in the barrel of 
the syringe. Duplicate Injections of each sample and standard should be 
made. No more than a 3% difference in area is to be expected.
The gas chromatograph is equipped with a valve to vent the solvent 
peak after It passes through the column. To avoid exposing the detector to 
benzene, open the venting valve 2-3 minutes after sample Injection to elute 
benzene and close it after the benzene is eluted.
(e) Measurement of area: The area under the sample peak is
measured by an electronic integrator or some other suitable form of area 
measurement. Preliminary results are read from a standard curve prepared 
as discussed below.
Determination of Desorption Efficiency
(a) Importance of determination: The desorption efficiency of a 
particular compound can vary from one laboratory to another and also from 
one batch of charcoal to another. Thus, it is necessary to determine at 
least once for each batch of charcoal the fraction of carbon disulfide that 
is removed in the desorption process. Desorption efficiency is also a 
function of tube loading. Desorption efficiencies should be determined, 
therefore, at loadings similar to those found In the actual samples.
(b) Procedure for determining desorption efficiency: Measure 
activated charcoal equivalent to the amount in the first section of the 
sampling tube (100 mg) Into a 64—mm, 4—mm ID glass tube, flame sealed at
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one end. This charcoal, which must be from the same batch as that used In 
collecting the samples, can be obtained from unused charcoal tubes. Cap 
the open end with a Parafilm paraffin membrane or equivalent.
Inject a known amount of a benzene solution of carbon disulfide
containing 0.14 mg/pl directly Into the activated charcoal with a
microliter syringe, and cap the tube with more Parafilm.
One jul of this solution is equivalent to that amount of carbon
disulfide present in a 20-liter air sample at 3.0 mg/cu m (1.0 ppm). 
Prepare six tubes in this manner and allow them to stand at least overnight 
to assure complete adsorption of the analyte onto the charcoal. Treat a 
parallel blank tube in the same manner except that no carbon disulfide is 
added to it.
Prepare two or three standards by Injecting the ssme volume of carbon 
disulfide into 10 ml of benzene with the same syringe used In the 
preparation of the samples. These are analyzed with the samples.
The desorption efficiency (DE) is the average weight in mg recovered 
from the tube divided by the weight in mg added to the tube, or
DE » Average weight recovered (mg)
Weight added (mg)
Calibration and Standards
It is convenient to express the concentrations of standards In mg/10 
ml of benzene, because samples are desorbed in this amount of benzene. The 
density of the carbon disulfide Is used to convert mg into jul for easy 
measurement with a mlcrollter syringe. Prepare a series of standards, 
varying in concentration over the range of Interest, and analyze them under
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the same gas chromatograph conditions and during the same period as the
unknown samples. Curves are established by plotting concentration In
mg/10 ml of benzene versus the square of the peak area. This curve should 
be a linear plot.
Calculations
(a) Read the weight In mg corresponding to the square of each peak
area from the standard curve. No volume corrections are needed since the 
standard curve Is based on mg/10 ml of benzene, and the volume of sample 
Injected Is Identical to the volume of the standards Injected.
(b) Make corrections for the blank for each sample:
mg - mg sample - mg blank
where:
mg sample - mg found In sample tube
mg blank * mg found In blank tube
(c) Add the weights from the front and backup sections to get the
total weight In the sample. Large amounts of carbon disulfide In the back­
up section of the charcoal tube can indicate that breakthrough has occurred 
and that some of the sample was lost. If more than 20% of the total sample 
is found on the back-up section, the sample should be considered suspect. 
Results of these samples should be reported as greater than or equal to the 
concentration found.
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(d) Divide the total weight by the desorption efficiency (DE) to 
obtain the corrected mg/sample.
Corrected mg/sample ■ Total Weight
DE
(e) The concentration of carbon disulfide in the air sampled can
be expressed in mg/cu m or In ppm:
mg/cu m ■ Corrected mg/sample x 1,000 
Air volume sampled (liters)
ppm ■ mg/cu m x 24.45 x 760 x T + 273 
MW P 298
where:
P “ pressure (mmHg) of air sampled 
T - temperature (C) of air sampled 
24.45 ■ molar volume (liter/mole) at 25 C and 760 mmHg 
MW - molecular weight (g/mole) of analyte 
760 ■ standard pressure (mmHg)




The iodine-azlde test is a biologic monitoring method, developed by 
Vasak et al [108] and Djuric et al [109], which is used to monitor the 
body-burden of carbon disulfide based on urine collected from workers after 
exposure.
Principle of the Method
After absorption into the body, carbon disulfide is metabolized and 
excreted in the urine. This metabolite, probably a thiazolidone, catalyzes 
the reaction:
2NaN3 + 12 - 3N2 + 2NaI
The time required for the Iodine color to disappear is considered an 
indication of the amount of carbon disulfide metabolite present in the 
urine and therefore an index of the concentration of carbon disulfide at 
which the worker has been exposed. The time is inversely and exponentially 
related to the concentration of the metabolite. Using creatinine 
concentration as an estimate of the dilution of the urine sample, an 
exposure coefficient can be established:
E - C(log t),
where E Is the exposure coefficient, C Is the concentration of creatinine
METHOD OF BIOLOGIC MONITORING FOR CARBON DISULFIDE:
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in mg/liter, and t is the time in seconds required for the color to 
disappear following mixture of the iodine-azide reagent solution with the 
urine.
Range and Sensitivity
This method has been shown to be sensitive to carbon disulfide at 
concentrations of 50 mg/cu m (16 ppm) and above. An exposure coefficient 
(E) of approximately 6.5 corresponds to 50 mg/cu m (16 ppm). Exposure at a 
concentration of 200 mg/cu m (64 ppm) has produced an E of 1; 200 mg/cu m 
(20 ppm), an E of approximately 6; and lower than 50 mg/cu m (16 ppm) an E 
of above 6.5. At very low concentrations, the color may not disappear, and 
therefore an E value cannot be determined.
Interferences
The lodine-azide test depends on a metabolite of carbon disulfide, 
and it Is possible that similar compounds can also catalyze this reaction. 
Workers with sulfur-rich diets and those who are undergoing dlsulfiram 
treatment for alcoholism may have accelerated iodine-azide reactions. 
Dlsulfiram has metabolites in common with carbon disulfide, and 
interference can be expected if the exposed worker is being treated with 
dlsulfiram.
Precision and Accuracy
The iodine-azide test is effective as an inexpensive and simple test 
to estimate concentrations at which workers have been exposed. It must not
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be regarded as a precise method of monitoring, but rather as an Indicator 
of overexposure. Exposure coefficients are not considered quantitative 
estimates of exposure but are qualitative indications of exposure based on 
the 50 mg/cu m (16 ppm) cutoff. Personal monitoring of air concentrations 
must accompany such biologic monitoring for more precise determination of 
carbon disulfide concentrations.
Apparatus
(a) Test tubes, 10 ml.
(b) Stopwatch.
(c) Volumetric flasks, 100 ml.
(d) Pipets: 10-ml delivery plpets.
(e) Spectrophotometry tubes, 10 ml.
(f) Spectrophotometer.
Reagents
(a) Iodlne-azide reagent: 50 ml of 0.2 N iodine solution and 3 g
of sodium azide; fill volumetric flask to 100 ml with distilled water.
(b) Buffer solution: 100 g of sodium dihydrogenphosphate; fill
volumetric flask to 100 ml with distilled water.
(e) Picric acid, 0.04 M  solution.
(d) Sodium hydroxide, 0.75 N solution.
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Procedure
(a) Measure the concentration of creatinine In the urine sample. 
The method described below Is based on that of Bonsnes and Taussky [131]. 
However, other methods of equal reliability and validity may also be used.
(1) Measure 3 ml of urine Into spectrophotometry tube.
(2) Add 1 ml picric acid and then 1 ml sodium hydroxide to
the tube.
color.
(3) Mix solution and allow 15 minutes for development of
(4) Measure the optical density of the solution using a 
spectrophotometer.
(5) Compare the observed density with a standard curve of 
spectrophotometrlc readings versus amount of creatinine and determine the 
concentration of creatinine In mg/llter of urine sample.
(6) Urine samples containing creatinine concentrations of 
less than 1 mg/liter or more than 3 mg/liter should be discarded.
(b) Measure 1 ml of urine and 0.2 ml of the buffer solution Into a
test tube and swirl to mix.
(c) Add 1 ml of the iodine-azide reagent and begin timing the 
reaction; mix well.
(d) Stop timing when the reaction Is complete, le, when the color 
disappears and the foam is white.
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Using the formula E * C(log t), compute the exposure coefficient.
Example: disappearance of color required 2 minutes and 10 seconds (t-130);
creatinine concentration was 2.0 mg/llter; therefore:
E - 2.0(log 130) - 4.2
Calculation of Exposure Coefficient (E)
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XII. APPENDIX IV 
MATERIAL SAFETY DATA SHEET
The following Items of Information which arc applicable to a specific 
product or material shall be provided In the appropriate block of the 
Material Safety Data Sheet (MSDS).
The product designation Is Inserted In the block In the upper left 
corner of the first page to facilitate filing and retrieval. Print In 
upper case letters as large as possible. It should be printed to read
upright with the sheet turned sideways. The product designation Is that 
name or code designation which appears on the label, or by which the 
product Is sold or known by employees. The relative numerical hazard 
ratings and key statements are those determined by the rules in Chapter V, 
Part B, of the NIOSH publication, An Identification System for 
Occupationally Hazardous Materials. The company identification may be 
printed in the upper right corner if desired.
(a) Section I. Product Identification
The manufacturer'8 name, address, and regular and emergency telephone 
numbers (including area code) are Inserted In the appropriate blocks of
Section I. The company listed should be a source of detailed backup
information on the hazards of the material(s) covered by the MSDS. The 
listing of suppliers or wholesale distributors is discouraged. The trade 
name should be the product designation or common name associated with the 
material. The synonyms are those commonly used for the product, especially 
formal chemical nomenclature. Every known chemical designation or
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competitor's trade name need not be listed.
(b) Section II. Hazardous Ingredients
The "materials" listed in Section II shall be those substances which 
are part of the hazardous product covered by the MSDS and individually meet 
any of the criteria defining a hazardous material. Thus, one component of 
a multicomponent product might be listed because of its toxicity, another 
component because of its flammability, while a third component could be 
included both for its toxicity and its reactivity. Note that a MSDS for a 
single component product must have the name of the material repeated In 
this section to avoid giving the impression that there are no hazardous 
ingredients.
Chemical substances should be listed according to their complete name 
derived from a recognized system of nomenclature. Where possible, avoid 
using common names and general class names such as "aromatic amine," 
"safety solvent," or "aliphatic hydrocarbon" when the specific name is 
known.
The "%" may be the approximate percentage by weight or volume 
(indicate basis) which each hazardous ingredient of the mixture bears to 
the whole mixture. This may be indicated as a range or maximum amount, le, 
"10-40% vol" or "10% max wt" to avoid disclosure of trade secrets.
Toxic hazard data shall be stated In terms of concentration, mode of 
exposure or test, and animal used, eg, "100 ppm LC50-rat," "25 mg/kg LD50- 
skin-rabbit," ''75 ppm LC man," or "permissible exposure from 29 CFR 
1910.1000," or, if not available, from other sources of publications such 
as the American Conference of Governmental Industrial Hygienists or the 
American National Standards Institute Inc. Flashpoint, shock sensitivity,
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or similar descriptive data may be used to indicate flammabillty, 
reactivity, or similar hazardous properties of the material.
(c) Section III. Physical Data
The data in Section III should be for the total mixture and should 
Include the boiling point and melting point in degrees Fahrenheit (Celsius 
in parentheses); vapor pressure, in conventional millimeters of mercury 
(mmHg); vapor density of gas or vapor (air - 1); solubility In water, in 
parts/hundred parts of water by weight; specific gravity (water * I); 
percent volatlles (Indicated if by weight or volume) at 70 degrees
Fahrenheit (21.1 degrees Celsius); evaporation rate for liquids or 
subllmable solids, relative to butyl acetate; and appearance and odor. 
These data are useful for the control of toxic substances. Bolling point, 
vapor density, percent volatlles, vapor pressure, and evaporation are 
useful for designing proper ventilation equipment. This Information is 
also useful for design and deployment of adequate fire and spill
containment equipment. The appearance and odor may facilitate 
identification of substances stored in improperly marked containers, or 
when spilled.
(d) Section IV. Fire and Explosion Data
Section IV should contain complete fire and explosion data for the
product, including flashpoint and autoignition temperature in degrees
Fahrenheit (Celsius In parentheses); flammable limits, in percent by volume 
in air; suitable extinguishing media or materials; special firefighting 
procedures; and unusual fire and explosion hazard Information. If the 
product presents no fire hazard, Insert "NO FIRE HAZARD" on the line 
labeled "Extinguishing Media."
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(e) Section V. Health Hazard Information
The "Health Hazard Data" should be a combined estimate of the hazard 
of the total product. This can be expressed as a TWA concentration, as a 
permissible exposure, or by some other indication of an acceptable 
standard. Other data are acceptable, such as lowest LD50 if multiple 
components are Involved.
Under "Routes of Exposure," comments in each category should reflect
the potential hazard from absorption by the route in question. Comments
should Indicate the severity of the effect and the basis for the statement
if possible. The basis might be animal studies, analogy with similar 
products, or human experiences. Comments such as "yes" or "possible" are 
not helpful. Typical comments might be:
Skin Contact— single short contact, no adverse effects likely;
prolonged or repeated contact, possibly mild irritation.
Eye Contact— some pain and mild transient irritation; no corneal
scarring.
"Emergency and First Aid Procedures" should be written In lay 
language and should primarily represent first-aid treatment that could be 
provided by paramedical personnel or individuals trained In first aid.
Information in the "Notes to Physician" section should include any 
special medical Information which would be of assistance to an attending 
physician including required or recommended preplacement and periodic 
medical examinations, diagnostic procedures, and medical management of 
overexposed employees.
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(f) Section VI. Reactivity Data
The comments In Section VI relate to safe storage and handling of 
hazardous, unstable substances. It is particularly important to highlight 
instability or incompatibility to common substances or circumstances, such 
as water, direct sunlight, steel or copper piping, acids, alkalies, etc. 
"Hazardous Decomposition Products" shall include those products released 
under fire conditions. It must also include dangerous products produced by 
aging, such as peroxides in the case of some ethers. Where applicable, 
shelf life should also be indicated.
(g) Section VII. Spill or Leak Procedures
Detailed procedures for cleanup and disposal should be listed with 
emphasis on precautions to be taken to protect employees assigned to 
cleanup detail. Specific neutralizing chemicals or procedures should be 
described in detail. Disposal methods should be explicit including proper 
labeling of containers holding residues and ultimate disposal methods such 
as "sanitary landfill," or "incineration." Warnings such as "comply with 
local, state, and federal antipollution ordinances" are proper but not 
sufficient. Specific procedures shall be identified.
(h) Section VIII. Special Protection Information
Section VIII requires specific Information. Statements such as 
"Yes," "No," or "If necessary" are not informative. Ventilation 
requirements should be specific as to type and preferred methods. 
Respirators shall be specified as to type and NIOSH or US Bureau of Mines 
approval class, ie, "Supplied air," "Organic vapor canister," etc. 
Protective equipment must be specified as to type and materials of 
construction.
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"Precautionary Statements" shall consist of the label statements 
selected for use on the container or placard. Additional information on
any aspect of safety or health not covered in other sections should be
inserted In Section IX. The lower block can contain references to 
published guides or in-house procedures for handling and storage. 
Department of Transportation markings and classifications and other 
freight, handling, or storage requirements and environmental controls can 
be noted.
(j) Signature and Filing
Finally, the name and address of the responsible person who completed 
the MSDS and the date of completion are entered. This will facilitate
correction of errors and Identify a source of additional Information.
The MSDS shall be filed in a location readily accessible to employees 
exposed to the hazardous substance. The MSDS can be used as a training aid 
and basis for discussion during safety meetings and training of new 
employees. It should assist management by directing attention to the need 
for specific control engineering, work practices, and protective measures 
to ensure safe handling and use of the material. It will aid the safety 
and health staff in planning a safe and healthful work environment and in 
suggesting appropriate emergency procedures and sources of help in the 
event of harmful exposure of employees.
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XIII. TABLES AND FIGURE
TABLE XIII-1
PHYSICAL AND CHEMICAL PROPERTIES OF CARBON DISULFIDE
Molecular formula CS2
Formula weight 76.14
Melting point -111.53 C
Bolling point 46.25 C
Specific gravity 1.26
Vapor density (air*»l) 2.63
Flammable limits (in air) 1.25-50%
Flashpoint (closed cup) -30 C
Autoignition temperature 100 C
Color Clear, colorless (when pure)
Odor Odorless (when pure); dis­
agreeable in presence of 
sulfur compounds
Vapor pressure 100 mmHg at -5 C 
200 mmHg at 10.6 C 
400 mmHg at 27.8 C
Conversion factors 1 mg/cu m - 0.321 ppm 
1 ppm - 3.11 mg/cu m
Adapted from references 1-3
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